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PREFACE

This report documents the work performed under Contract DOT-HS-4-00982
and documents the major findings and conclusions resulting from the work.
The three volumes of the report have been organized to meet the needs of
a variety of users. Volume 1--the main body of the report--begins with
"an Executive Summary which will satisfy the needs of the reader who
requires only a general understanding of fthe research procedures and
findings. The remaining sections of Volume 1 contain a detailed descrip-
Tion of the project objectives, methods, findings, conclusions, and recom-
mendations. It is expected that Volume 1 will satisfy the needs of most

users.

The second volume contains specimens of the various instruction
manuals, questionnaires, and other data-collection instruments used in
this study. Volume 2 also contains a number of data tables which support
the various graphs and summary tables presented in Volume 1. Thus, Volume
2 is a reference document that would be useful only to persons who wish to
examine the data-collection instruments first hand or who wish to examine

the data at a more detailed {evel than that presented in Volume 1.

Volume 3 is a coding index which describes the manner in which each
- data item was encoded. This volume of the report would be useful only-to
persons who have access to the raw-data file and wish fo use it to perform

additional analyses.

S
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ADDENDUM i

I
This research report on bicycle/motol-vehicle accidents

!
has, as its major product, the identification of a set

of problem types or recurring accideit situ%tions, each
of which is a relatively well-define& patte&n of causal
and descriptive factors. The classiﬁicatioh system used
in this report results in a rather lqrge nuhber of prob-
lem types which are valid describtiojs of aFcident cir-
cumstances. It is anticipated that ﬂHTSA w?uld review
these identified accident situationslin light of other
research activities and results, and may mefge or recom-

bine certain of the Categories so as 'to reduce the number

|
of "targets" at which future RED woulld be directed. The

o . . . |
classification structure presented 1n’th15 report was

designed with this possibility in minh. i

vii '
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SECTION |
EXECUTIVE SUMMARY

Accidents involving a bicycle and a motor vehicle represent an
important problem in most communities within the Unifted States. Each year
since 1972, about 1,000 fatal and 40,000 non-fatal accidents have been
reported to the police. Moreover, it is estimated that an additional
40,000 injury-producing bicycle/motor-vehicle accidents go unreported each

year.

PROJECT OBJECTIVES

The general objectives of this project were to compile data on the-
causes of bicycle/motor-vehicle accidents and to use the data to identify
countermeasure approaches that have the potential for feducing the number
of accidents of this kind. The project was national in scope and encom-

passed both urban and rural accidents.

METHODOLOGY

Data on bicycle/motor-vehicie accidents were collected in four
sampling areas in the United States. The sampling areas were selected to
provide maximum coverage of the characteristics of the bicycling population
and the environmental conditions in which they ride. The sampling areas,
each consisting of several contiguous counties, were located in California
(Los Angeles area), Colorado (Denver/Boulder areas), Florida (Tampa/
Orlando areas), and Michigan (Detroit/Flint areas). Within each sampling
area, a proportionate sample of non-fatal cases was selected from those
occurring during each month of calendar year 1975; an attempt was made to
select equal numbers of urban and rural accidents at each sampling area.

A non-fatal case was rejected from the sample if it was an unwitnessed
hit-run accident or if both of the involved operators refused fo be inter-

viewed. Because of the smal! number of fatal accidents that occurred

. -.?' T«k‘i.
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within each sampling area, none were rejected from the sample. Data were
compiled on 166 fatal accidents and 753 non-fatal accidents--919 cases in

all.

A conceptual model of the accident-generation process was used in
defining the data requirements for this study. This model focused on the

sequence of functions and events preceding the accident and the factors

that influenced the function-event sequence. Data on each accident case

in the sample were compiled by trained Field Investigators. Following a
highly structured data-collection procedure, Field Investigators compiled
and recorded data from several sources, including: +the official traffic
accident report, observations and measurements ftaken at the accident
site, and detailed inferviews with The‘vehicle operators and persons who
withessed the accident. A structured questionnaire and a detailed scale-

drawing of the accident site were used to conduct the operator interviews.

Some questionnaire items were designed to provide information about
the characteristics of the operator, his vehicle, and his frip. However,
most items were designed to provide detailed information about the accident-
generation process. The interview procedures and instruments were designed
to provide a clear notion of the pre-crash path of each vehicle, the
function failure of each operator, and the combination of factors that

were causally related to the function failures.

After the data forms were cleaned and verified by home-office person-
nel, the Principal Investigator studied the data for each case and made
the final judgment about the function failure for each operator and about
the factors that contributed to the function failures. The data were
then encoded, punched onto |BM cards, and entered into a computerized data

file.

A classification system was developed, and the accident cases were
classified into mutually exclusive "problem types." Cases classified into
the same problem type exhibited commonality in the following attributes:
the traffic context in which the accident occurred, the operators' function
failures, and the combination of factors causally related to the funciion

failures.



All data items were analyzed by problem type. |In addition, selected
descriptive-data items were analyzed for the fatal and non-fatal samples--
pooled over problem types. The characteristics of individual problem
types and the results of the descriptive-data analyses were examined
systematically in an attempt to identify general countermeasure approaches
having the potential for reducing the incidence of bicycle/motor-vehicle
accidents. The final task was to formulate recommendations about addi-

tional research requirements.

RESULTS

Selected findings of the descriptive-data analyses are summarized
below along with a brief description of a selected sample of seven problem
types. The discussion of the descriptive data is intended to provide the
reader with a general understanding of the characteristics of the opera-
tor, the accident vehicle, the accident trip, the accident location, and
The accident consequences. The problem types selected for discussion are
among the most frequently occurring. More importantly, the description
of this sample of problem types will provide the reader with an under-
standing of the range of traffic contexts in which bicycle/motor-vehicle
accidents occur, the range of factors that contribute to the accidents,
and the range of countermeasure approaches suggested by the study of

problem types.

FINDINGS OF DESCRIPTIVE-DATA ANALYSES
Operator Characteristics

Sex. The vehicle operators in the study sample--both bicyclists and
motorists--were predominantly males. Furthermore, the proportion of males
was greater for the fatal sample than for the non-fatal sample. Seventy-
one percent of the non-fatal accidents and 85% of the fatal accidents
involved a male bicyclist; a male motorist was involved in 65% of the non-
fatal and 72% of the fatal accidents. It is probable that the over-
representation of males is due mainly to a greater amount of exposure for

males--particularly male bicyclists.



Age. The sample included bicyclists whose ages varied from four
years to over 80 years. Beginning at age four, accident frequency rises
steadily to the age of 12 and remains at this high level through the age
of 15. Thereafter, accident frequency declines dramatically and remains
at a relatively low and constant level for ages beyond 30 years. The
absolute frequency of accidents is clearly highest for bicyclists between
the ages of 12 and 15 years; bicyclists in this age group accounted for
about 37% of the accidents. Even so, half of the bicyclists in the non-
fatal sample were older than 4.2 years, and half the bicyclists in the
fatal sample were older than 16.4 years of age. Although the age distribu-
tions for fatal and non-fatal accidents were similar, fatal accidents were
found to be proportionately more frequent than non-fatal accidents among

the very young and the very old bicyclists.

The age distribution of the motorists in the study sample was found
to be highly similar to the age disfribution of motor-vehicle operators

involved in all other types of traffic accidents.

Experience. |t was found that most bicyclists and motorists were
experienced vehicle operators who operated their vehicles regularly. In
addition, most operators were driving/riding a vehicle they were thoroughly
familiar with at the time the accident occurred. About 95% of the motor-
ists and bicyclists had more than one year's driving experience and
routinely operated their vehicles two or more hours each week. Seventy-
five percent of the bicyclists and 93% of the motorists reported that they
had driven the accident vehicle at least 50 times before the accident
occurred; only seven percent of the bicyclists and three percent of the
motorists had driven their vehicle fewer than five times before the

accident.

Physical/mental condition. With the exception of intoxication, few
operators reported that they were suffering from any type of impairment
at the time of the accident. It was found that less than one percent of
the bicyclists were impaired by alcohol. However, evidence fthat the

motorist had been drinking was found in 3.5% of the non-fatal accidents



and 16.9% of the fatal accidents. Alcohol was judged conTribuTory in
nearly every case in which it was found present. Evidence of drug use
was found only infrequently, but the type of data collected during this
study cannot be expected to provide reliable information about the number
of operators who were under the influence of drugs when the accident

occurred.

Bicyclists' knowledge of the law. For all accidents that resultfed
from the bicyclist's violation of a traffic law, The bicyclist was ques-
tioned in detail about his reasons for violating the law. It was found

that the violation was due to ignorance of the law in only one case.

Vehicle Characteristics

Vehicle type. About 54% of all bicyclists in the sample were riding
a lightweight bicycle, and 40% were riding a middieweight or standard
bicycle; less than six percent of the bicyclists were riding a highrise
bicycle. The remaining two percent of the bicyclists were riding an adult
tricycle, a child's tricycle, or a customized bicycle. A comparison of
the types of bicycles ridden by bicyclists in the accident sample with the
fypes of bicycles ridden by the general population showed that lightweight
bicycles are overrepresented in the accident sample and that all other
bicycle types are underrepresented. Since lightweight bicycles are ridden
more frequently and farther than other types of bicycles, it is probable
that the overrepresentation of lightweight bicycles in the accident sample
is due mainly to greater exposure. Howevsr, because |ightweight bicycles
can be ridden considerably faster than other fypes of bicycles, it is
possible that the overrepresentation is partly due to a higher accident

rate.

I+ has been hypothesized that wide motor vehicles are involved in
bicycle/motor-vehicle accidents proportionate!y more often than standard-
size vehicles. The results of this study showed the opposite to be true.
That is, trucks and buses were involved in bicycle/motor-vehicle accidents

less often than would be predicted from the numbers of such vehicles that



are traveling the roadways. Accident involvement as a function of motor-
vehicle fype is as follows:

m Passenger car (87%)
m Pickup or van (9%)
® Other truck (2%)
Motorcycle (2%)

Bus (<1%)

 Vehicle condition. It was found that the majority of bicycles were
not‘equipped with all the safety items that experts consider essential for
safe riding. For instance, the inventory of lighting equipment showed that
. 68% were equipped with reflectorized pedals, 47% had a front reflector,
38% were equipped with side reflectors, and 15% were equipped with an
operational headlight. Bicycles involved in nighttime accidents were no
more or less likely to be equipped with proper lighting equipment than
bicycles involved in daytime accidents. Only seven percent of the bicycles
were equipped with a safety flag, and less than five percent were equipped

with a rear-vision mirror.

Although about one-fifth of the bicycles had at least one defect at
the time of the accident, few of the defects were judged contributory.
The only types of defects judged contributory in more than one percent of
The cases were defective brakes and a chain that was improperly adjusted.
Missing or inadequate bicycle lighting equipment was judged to be contribu-

tory in about eight percent of the cases.

Most of the -motor vehicles were free of defects and were property
equipped when the accident occurred. The findings of this study correspond
closely with the findings of other studies which indicate that fess than
one percent of all bicycle/motor-vehicle accidents involve a defective

~motor vehicle.

Characteristics of Accident Trip

Trip purpose. About 80% of the bicyclists and 96% of the motorists
were on a utilitarian frip to a specific destination when the accident

occurred. Approximately equal numbers of bicyclists were ftraveling “or



the following purposes: shopping or errands (22%), commuting to place of
recreation (21%), visiting friends (19%), and commuting to school or .work
(19%). Although only 18% of the accidents occurred while the bicyclist was
on a recreational trip with no destination, household surveys have revealed

that between 50% and 60% of all bicycle trips are of this type.

The most common frip purposes for motorists include: shopping or
errands (41%), commuting to schoo! or work (29%), visiting friends (14%),

and commuting to a place of recreation (13%).

Trip length. Most operators were on a relatively short trip when the
accident occurred. The median one-way trip length was 1.1 miles for

bicyclists and 5.8 miles for motorists.

Weather conditions. Most of the accident trips were made during
conditions of fair weather. A small, but significant, number of accidents
occurred when rain was falling (three percent of +the non-fatal cases and
six percent of the fatal cases). Only a fraction of one percent of the
cases occurred when it was snowing, during a period of heavy fog, or in

an area with blowing sand or dust.

Lighting conditions. About 17% of all accident trips were made during
darkness. However, it was found that a significantly greater proportion of
fatal (30%) than non-fatal (10%) accidents occurred during darkness. These
findings provide strong support for the contention that likelihood of sus-
taining fatal injuries from a bicycle/motor-vehicle accident is significantly

greater when the accident occurs at night.

In addition to a greater likelihood of fatal injuries at night, it
is probable that accident rate is also far higher at night. Although no
data have been located that provide an accurate estimate of the amount of
all bicycle riding that is done during darkness, casual observation and
discussions with a large number of bicyclists indicate that night riding
accounts for no more than three or four percent of most bicyclists' total

riding time.
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Characteristics of the Accident Location

Urban vs. rural accidents. A proportionate sample of urban and rural
accidents was not drawn for this study. However, based upon the findings
of this éTudy and data reported elsewhere, it is estimated that about 32%
of all fatal accidents and 11% of all non-fatal accidents occur in a rural
area. These data leave no doubt that the likelihood of sustaining fatal
injuries is greater for accidents that occur in rural areas. It is also
probable that accident rate is higher in rural areas, but it will be neces-
sary to obtain data on the relative amount of riding that is done in urban

and rural areas in order to assess the differences in accident rate.

Land use. The proportion of non-fatal accidents that occurred in
the various ftypes of areas (predominant land use) is as follows: Jow-
income residential (16%), middle-income residential (39%), upper-income
residential (4.4%), business or commercial (22%), recreational (2.4%), and

agricultural (15%).

Proximity to operator's residence. Most accidents occurred in close
proximity to the oberafor's residence. The median distance between the
accident site and the operator's residence was .6 mile for bicyclists and
2.6 miles for motorists. These findings, along with the finding that most
operaToré had driven through the accident site many times before the acci-
dent occurred, enable one to confidently conciude that lack of familiarity

with the accident site is seldom a factor in bicycle/motor-vehicle accidents.

Posted speed limit. The majority of accidents occurred on roadways
with a posted speed limit of 30 MPH or fess. However, the likelihood of
fatal accidents was found fTo be positively correlated with the posted speed
limit for the roadway on which the accident occurred. The disfribution for
non-fatal accidents showed that over 80% of the non-fatal accidents occurred
on roadways with a posted speed limit of 35 MPH or less. In contrast,
more than half of all fatal accidents occurred on roadways with a speed
limit greater than 35 MPH; less than one-third of the fatal accidents

occurred on roadways with a posted speed limit of 25 MPH or less.



Lateral and vertical curvature of roadway. |+ was found that one or
both operator's pre-crash path was on a laterally curved roadway in only
3.6% of the cases. About seven percent of the motorists and ten percent of
the bicyclists were traveling on a measurable hill at the time of the crash
or shortly before. For motorists, equal numbers were traveling uphill and
downhill. However, a significantly larger proportion of the bicyclists was
traveling downhill than uphill. This finding undoubtedly is due to the
higher speeds bicyclists travel when riding downhill, and indicates that,
on the average, accident risk is greater when fraveling downhill. Riding
downhill at an excessive speed was judged contfributory in about six percent

of the cases.

Roadway-surface defects. About 12% of +he accidents occurred on a
roadway with one or more significant defects. However, roadway-surface
defects were found to be contributory in less than three percent of the

cases.

The Accident Consequences

Injury severity. |t was found that the 166 fatal cases and the 753
non-fatal cases in this sample resulted in a total of 172 persons killed
and 765 persons injured. All the fatalities were bicyclists except one
motorist and one motor-vehicle passenger-~both were riding a motorcycle.
Atl of the injured parties were bicyclists except 25 motorists and four
motor-vehicle passengers. Based upon the injury data that were compiled,
a bicyclist who is involved in a bicycle/motor-vehicle accident, on the
average, suffers the following consequences:

® 1.4 days in the hospital
® 1.4 days in bed at home

® 7.4 days missed work or school
B 23.6 days suffered pain or discomfort
As will be shown in the discussion of problem types, the incidence of

fatal injuries is greaftest for the types of accidents in which the bicyclist
is sturck by a motor vehicle traveling at a sustained speed, particularly

on rural roadways where the operating speed of the motor vehicle is typically



above 40 MPH. Conversely, fatal injuries seldom occur when the bicyclist
strikes the motor vehicle and the impact velocity is a sole function of the

bicyclist's speed.

Injury type, cause, and location. An examination of the injury
types revealed that 76% of the injuries were body-surface injuries, 17%
were skeletal injuries, and six percent were internal, non-skeletal injuries.
Over 60% of the injuries were the result of the bicyclist's impact with the
roadway; 24% resulted from his impact with the motor vehicle. Only six
percent resulted from the bicyclist's impact with the bicycle he was riding.
The main implication of these findings is that protective clothing has far
more potential for injury reduction than padding the bicycle or eliminating
protrusions on the bicycle. Examination of the potential value of various
types of protective clothing revealed that knee padding would affect 14% of
the injuries, a helmet would affect 11% of the injuries, elbow padding would
affect nine percent of the injuries, and a face guard would affect eight
percent of the injuries. Six percent of the injuries would be affected by
each of the following: shin padding, foot/ankle protection, gloves or

mittens, and hip padding.

PROBLEM-TYPE DESCRIPTIONS

A total of 36 unique problem types were identified during this study,
but it was found that a large proportion of the cases was accounted for by
a relatively small number of problem types. For instance, the 25 most
frequently occurring problem types accounted for 87% of the fatal cases and
93% of the non-fatal cases; 67% of the fatal cases and 64% of the non-fatal
cases were accounted for by the ten most frequently occurring problem types.
The following discussion is limited to seven frequently occurring problem
types that together accounted for 49% of the fatal cases and 52% of the non-

fatal cases.
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Problem Type 1 (6.7% Fatal; 5.7% Non-Fatal)

Accidents. of this type occur at the junction of an urban or rural
roadway and a residential driveway or alley. Most of the bicyclists
involved in this type of accident were very youngi one-half were younger
than fen years of age, and five percent were 5.2 years of age or younger.
Ninety-five percent of the accidents occurred during the daytime. The
typical case can be described as fol lows.

The bicyclist rides straight out of the driveway or

alley--without slowing or stopping--and collides with a

motor vehicle approaching from the left in the near lane,

or from the right in the far lane. By the time the motor-

ist observes the bicyclist and makes a correct assessment

of the bicyclist's intended path, there is insufficient

time to avoid the accident--even though the motor vehicle

is traveling at a speed at or below the posted speed limit.

The operator's view of the other vehicle may be obstructed

by parked motor vehicles, vegetation, or structures located

close to the junetion. Whether or not a visual obstruction

18 present, the bicyclist fails to search in the direction

of the motor vehicle until an accident is imminent.

The motorist's failure to search in the bicyclist's direction was
usually due to his assumption that vehicles entering the roadway from
intersecting driveways and alleys would yield. The bicyclist's failure
to slow and search for approaching traffic may be due to a variety of
reasons, but the most common are faulty risk assessment and momentary

distractions.

Countermeasure approaches suggested by Problem Type 1 include: the
removal of visual obstructions, barriers or baffles (across driveways) that
would cause bicyclists to reduce their speed before entering the roadway,
devices to increase the daytime conspicuity of bicycles, education and
training for bicyciists and their parents, and regulations requiring
bicyclists to come to a complete stop before entering a roadway from a

driveway or alley.



Problem Type 5 (7.8% Fatal; 10.1% Non-Fatal)

Problem Type 5 includes accidents that occur when a bicyclist fails
to slow or stop at an intersection controlled by a stop sign. This type
of accident usually occurs during the daytime (94%) at the intersection of
a pair of two-lane roadways that carry only light traffic (75%). About
one-half of the bicyclists involved in this type of accident were younger
than 12 years of age, and more than five percent were younger than seven
years of age. The following description typifies the accident cases that
were classified into Problem Type 5.

The bicyclist approaches the signed intersection at an
average or above average speed, sometimes riding on the

right-hand side of the roadway, and sometimes riding on the

left facing traffic. The bicyclist is aware of the stop

sign controlling the roadway he is traveling, because he has

ridden through the intersection many times before. The

bicyclist also knows that the law requires bicycles to stop

for stop signs. Nevertheless, the bicyclist enters the

intersection without stopping, slowing significantly, or

searching in the directiom of the motor vehicle approaching

the intersection on an orthogonal leg. The motorist may

observe the bicyclist and infer that he will slow or stop

before entering the intersection. In either case, there

is insufficient time for the motorist to avoid the accident

once he observes the bicyclist and recognizes that he does

not intend to slow or stop. The bicycle and motor vehicle

most often collide before the bicyclist reaches the center
of the intersecting roadway (64%).

The motorist's failure to search in the bicyclist's direction was
usually the result of his assumption that intersecting traffic would yietd
to him. The bicyclist's failure to slow or stop and his failure to search
for approaching traffic were most commonly due to one or more of the
following: faulty risk assessment, competing needs (need to conserve time
or energy), and momentary distractions. In about one-third of the cases,
vegetation growing close to the intersection partially or totally obstructed
the motorist's view of the bicyclist until both vehicles were close to the

Jjunction.
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Countermeasure approaches suggested by Problem Type 5 include:
devices o increase the daytime conspicuity of bicycles, education and
training of bicyclists and their parents, and more rigid enforcement of

the laws governing speed control at controlled intersections.

Problem Type 8 (5.3% Non-Fatal; No Fatal)

Al'l of the accidents classified into Problem Type 8 occurred as the
motorist was attempting to enter a roadway from a commercial driveway.
About 93% of the accidents occurred during the daytime. The traffic on
the roadway usually was moderately heavy or heavy at the time the accident
occurred; a slight majority of the roadways had four or more traffic lanes.
The age of the bicyclists involved in this type of accident varied widely.
About five percent of the bicyclists were seven years of age or younger,
and five percent were over 50 years of age. However, about one-half of
the bicyclists were between 13 and 17 years of age.

In the typical case, the motorist approaches the roadway/
driveway Junction, brings his vehicle to a complete stop, and
searches for approaching traffic in a manner that would be
considered normal for motorists in this situation. When the
motorist considers it safe, he enters the roadway without
observing the bicyclist approaching from the left (on the
roadway or sidewalk), or from the right (on the roadway or
stdewalk). The bicyelist observes the motor vehicle long
before reaching the junction, but proceeds through the junc-
tion because he assumes that he has been (or will be) observed
by the motorist, and that the motor vehicle will remain
stationary until he has passed through the junction.

When the bicyclist was approaching from the motorist's right, riding
on the sidewalk (33%) or riding in the roadway against traffic (30%), the
motorist failed to search in the bicyclist's direction because he did not
expect a hazard To be approaching from that direction. |In the cases in
which the bicyclist was approaching from the motorist's left, most motorists
reported that they searched to the left one or more times, but failed to
observe the approaching bicycl!list even though the view was unobstructed and
the visibility conditions were near optimal. Information overload, atten-

tional conflict, and selective perception are the most probable reasons for



the motorist's failure to perceive the bicyclist who clearly was within

his field of view one or more ftimes during the search process.

The general countermeasure approaches suggested by Problem Type 8
include: sidewalk-surface designs that would cause bicyclists to reduce
their speeds when approaching driveway junctions, devices to increase the
daytime conspicuity of bicycles, education and training for bicyclists and
motorists, regulations prohibiting sidewalk riding, and increased enforce-

ment of laws governing wrong-way riding.

Problem Type 9 (1.2% Fatal; 10.2% Non-Fatal)

Problem Type 9 includes cases in which the motorist entered an inter-
section from a roadway controlled by a stop sign and coltided with a
bicyclist who entered on an uncontrolted leg of the intersection. Accidents
of this type occur in both urban and rural areas and on a variety of roadway
Types, but fthey most commonly occur at the junction of a pair of ftwo-lane

urban roadways. About 17% of the accidents occurred during darkness.

Problem Type 9 involved an older group of bicyclists than any problem
Type discussed previously. The median age of the bicyclists involved in
this type of accident was 16.3 years, and few of the bicyclists were very
young: less than fiveupercenT of the bicyclists were younger than fen

years of age; slightly over one-half of the bicyclists were between 13 and

20 years of age.

The nature of the accident-generation process for Problem Type 9 is
nearly the same as that described above for Problem Type 8, so the scenario
of the typical case will not be repeated. However, the following character-
istics of Problem Type 9 should be emphasized:

8 The motorist stopped and searched for traffic, but entered the
infersection without having observed the bicyclist;

® Three-fourths of the accidents occurred before the motorist reached
The center of the roadway;

® About two-thirds of the bicyclists were not observed by the motorist
because they were riding on the wrong side of the roadway--
approaching from a direction in which motorists seidom search;



® Bicyclists riding on The correct side of the roadway at night were
not observed because of darkness, inadequate front lighting, or
both;

® Bicyclists riding on the correct side of the roadway were not
observed because of information overload, attentional conflict,
and selective perception;

® Some bicyclists failed fo search in the motorist's direction, but
most observed the motor vehicle well in advance and proceeded
through fthe juncfion with the assumption that they had been or
would be observed by the motorist.

The countermeasure approaches that are suggested from a study of
Problem Type 9 include: relocating the sfop tine to provide the maximum
buftfer zone between the position of stopped vehicles and the normal path
of bicyclists, devices to increase the daytime and nighttime conspicuity
of bicycles (when viewed from the front), education and ftraining of
bicyclists and motorists, and increased enforcement of laws governing
wrong-way riding and laws governing bicycle riding at night without proper

front-tighting equipment.

Problem Type 13 (24.6% Fatal; 4.0% Non-Fatal)

Problem Type 13 must be considered one of the most important problem
types revealed by this study, because it accounted for nearly one-fourth
of all fatalifties in the sample--three ftimes as many as any other problem
type. The distinguishing characteristics of this problem type are (a) the
motor vehicle overtook and collided with a bicycle fraveling in the same
direction as the motor vehicle, and (b) the coltisions occurred because the
motorist failed to observe the bicyclist until the accident was imminent.
Although accidents of this type occurred in a variety of traffic contexts,
the following description typifies about 70% of the cases that were
classified intfo Problem Type 13.

The collision occurs at night on a narrow, rural-type

roadway. There is no ridable shoulder or sidewalk adjacent

to the roadway, so the bicyclist rides along the right-hand

edge of the traffie lane. The bicyclist rides farther from

the edge of the roadway than he would during the daytime
because he cannot see well enough to detect road-surface



defects and debris along the extreme edge of the roadway.

As the motor vehicle overtakes the bicyclist, its position

in the traffic lane is slightly to the right of center and

1t 18 traveling at or near the posted speed limit--usually

45-55 MPH. Although the motorist is searching the roadway

ahead, he fails to observe the bicyclist until it is too

Late to avoid the aceident.

The motorist's failure fo observe the bicyclist was a function of
darkness, inadequate bicycle lighting, high closing velocity, and the
expectation by motorist's that the roadway would be void of bicycle traffic
at that hour. In about one~third of the cases, the influence of the above
factors were compounded by the effects of alcohol consumed by the motorist

a short time before the accident.

Young adult and adult bicyclists were more often involved in this
type of accident than juveniles. One-half of the bicyclists in the non-
fatal sample were older than 18.3 years, and one-halif of the bicyclists in

the fatal sample were older than 20.5 years.

Potential countermeasure approaches for Problem Type 13 include:
increasing the functional widfh of the roadway, devices fo increase the
nighTTime conspicuity of the bicycle (rear view), education and fTraining
of bicyclists, prohibition of night riding on selected types of roadways,
establishment of more rigid standards for rear lighting.of bicycles, and
increased enforcement of the laws governing driving while inftoxicated and
the laws governing riding bicycles durfng darkness without lawful rear

lighting.

Problem Type 18 (8.4% Fatal; 8.4% Non-Fatal)

Nearly every case classified info Problem Type 18 is accurately

characterized by the foliowing brief description.

Prior to the collision, the bicyclist is riding along
the right-hand edge of the roadway, traveling in the same
direction as motor-vehicle traffic in the adjacent lane.
Without searching to the rear and without signaling, the
bicyclist initiates a left-hand turn and collides with an
overtaking motor vehicle. The overtaking motorist observes
the bicyclist well in advance, but has no time for evasive
action once the bicyclist begins to turn.
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The actions that led to accidents of +hfs tType are cilearcut and easy
to describe, but the fundamental causes of the accident--the factors con-
fributing to the bicyclist's failure fo search behind and signal before
furning--are not fully understood. Based upon the composite evidence now
available, it appears that the bicyclist's failure fo search in this
situation is due fo the combined effects of three factors. First, the
bicyclist is always refuctant to search behind because it is difficult fo
do so without loss of balance and lateral control. ‘Second, the bicyclist
knows that the roadway on which he is traveling carries light and sporadic
traffic. Third, the bicyclist has learned that auditory cues usually
signal the presence of overtaking motor vehicles and has developed the
habit of relying on auditory cues to detect overtaking motor vehicles
unless traffic is heavy and continuous. [t is not known for certain why
The bicyctist failed to hear the overtaking motfor vehicle with which he
collided, but The most probabie reasons are momentary distractions and

ambient noise That masked the sound of the overtaking motor vehicle.

it was found that one-half of the accidents of This Type occurred
on a two~lane urban street and that 30% occurred on a two-lane rural
roadway. Only one-half of the bicyclists initiated their furn at a point
that was in close proximity to an intersecting street or driveway. Nearly
all of the accidents occurred during the daytime and involved a juvenile

bicyclist.

Countermeasure approaches that may prove effective in curtailing
Problem Type 18 include: development of effective rear-vision devices
for bicycles, widening the traffic lane to provide a greater "buffer zone"
between bicyclists and overtaking motor vehicles, education and training
of bicyclists, and increased enforcement of the laws governing The use
of hand signals when turning. It is especially imporTahT to feach
bicyclists the hazards of relyihg solely on auditory cues to detect

overtaking motor vehicles.
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Problem Type 23 (7.6% Non-Fatal; No Fatal)

Problem Type 23 includes accidents that occurred when a motorist
made a left-hand turn and collided with a bicyclist approaching from the
opposite direction. Accidents of this type typically occur in the daytime
on an urban street with four or more traffic lanes. More aduit than
Juvenile bicyclists were involved in this type of accident. The median
age of the bicyclists was 20.1 years, and more than three-fourths of the
bicyclists were 16 yeérs of age or older. The typical case for Problem
Type 23 is described below.

As the motorist approaches an intersection where he

intends to make a left-hand turn, he slows his speed or comes

to a complete stop to await a safe gap in the approaching

traffic. The motorist continuously scans the one or more

lanes of approaching traffic until he considers it safe to

turn. At that time, he searches in the direction of the

intersecting roadway and commences his turn without having

observed the approaching bicyclist. The bicyclist approaches

the intersection at a relatively high rate of speed. The

bicyeclist may fail to search in the direction of the turning

motor vehicle or may observe the motor vehicle and assume it

will yield to him. In either case, the bicyclist has

insufficient time to avoid the accident once he observes the

motor vehicle and realizes that it is going to turn into his

path.

In about one-fifth of the cases, the motorist's failure to observe
the bicyclist was partly due to degraded visibility (darkness, sun glare,
or glare from artificial lights). In most of the remaining cases, the
motorist searched in the bicyclist's direction one or more times and
failed to observe him, even fthough visibility conditions were near optimal.
Information overload, attentional conflict, and selective perception are
the most common factors that contributed to the motorist's failure to

observe the bicyclist in this situation.

Countermeasure approaches suggested by the study of Problem Type 23
include: devices to increase the dayfime and nighttime conspicuity of
bicycles, education and training of motorists and bicyclists, and
increased enforcement of the laws governing night riding without proper

lighting equipment.
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CONCLUSIONS AND RECOMMENDATIONS
GENERAL CONCLUSIONS
Representativeness of the Sample

The samples of fatal and non-fatal accident cases compiled during
this study are considered to be reasonably representative of police-
reported bicycle/motor-vehicle accidents that occur throughout the United
States. Furthermore, fthe set of problem types identified during the
course of this study are considered both representative and exhaustive.
That is, it is concluded that (a) the problem types reported here occur
with about Thé,same frequency in most areas throughout the United States,
and (b) there are few bicycle/motor-vehicle accidents that are so unique
that they could not be classified intfo one of the 36 problem types reported
here. No evidence was found that the causes of a given probliem type
differ in any important way from one geographical area to another. This
is not to say, however, that the various contributory factors are equally

common from one area To another.

Accident Causes

A major conclusion of this study is that the causes of the vast
majority of bicycle/motor-vehicle accidents are behavioral. In well over
60% of the cases, the bicyclist's pre-crash course was suboptimal, indi-
cating that a predisposing or precipitating error was made before the
other.vehicle could have been observed. The motorist's pre-crash course
was suboptimal in about one-fifth of the cases. The implication of this
finding is that countermeasures for a substantial portion of the accidents
must focus on the operator's pre-crash course, rather than on his responses

at the time the other vehicle first becomes observable.

' When fthere was sufficient Time 1o have avoided the accident once the
other vehicle first could have been observed, the accident was usually
precipitated by a search or evaluation failure by one or both operators.

The results indicate that most of the function failures by motorists were



the type that would be commiftfed by most moforists who found themselves in
a simitar situation. Conversely, the function failures committed by
bicyclists were most offen behavioral errors in the ftrue sense of the word.
That is, the function failures represented errors that would seldom be
commitfed by a reasonably knowledgeable and safety-conscious bicyclist.
Therefore, another general conclusion drawn from the results of this study
is that few motorists' function failures and most bicyclists' function
failures represent aberrant behavioral errors. This general conclusion
does not apply to intoxicated motorists. |t can also be concluded that
aberrant behavioral errors are far more common among juvenile than adult
bicyclists. Except for intoxication, the operators' behavioral errors are

seidom the result of a temporary or permanent impairment.

Contrary to popular beliefs, bicycle/motor-vehicle accidents are
seldom the direct or indirect result of roadway-surface defects, debris
on the roadway surface, sewer grates, bicycle defects or failures, motor-
vehicle defects or failures, riding doubie, bicycie too (arge or foo small
for the operator, bicycle~handling skill deficiencies, hostile acts by
motorists, high risk acceptance by bicyclists, or the bicyclist's deficient
knowiedge of traffic laws and ordinances. The non-behavioral factors that
are the most important contributors to bicycle/motor-vehicle accidents
include: visual obstructions, narrow roadways (selected locations),
darkness, daytime and nighttime conspicuity of bicycles, and the vertical

dimension of the bicycle/bicyclist unit.

Countermeasure Approaches

It is concluded that the countermeasure approaches listed in this
report are feasible and have the potential for effecting a significant
reduction in bicycle/motor-vehicle accidents. Most of the countermeasure
approaches that have the greatest potential for accident reduction are
listed above, at the end of the descriptions of the seven problem types.

A much more comprehensive discussion of countermeasures is presented in
Section V. The next ftask that must be accomplished is to conduct the
research required to develop and evaluate specific countermeasure devices,

procedures, and materiais.
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RECOMMENDATIONS
Programmatic Recommendations

Dissemination of information. The results of this study show that
many of the current beliefs about the causes of bicycle/motor-vehicle
accidents are erroneous. These erroneous beliefs currently are resulting
in the expenditure of time and resources on remedial programs that have
tittle potential for accident reduction. For this reason, it is recommended
that a program be developed to disseminate information about the problem
Types fo individuals and agencies who are involved in developing or
impliementing bicycle-safety programs. The groups that shouid be given
highest priority include: educational institutions, law enforcement
agencies, fransportation planning organizations, parent/teacher organiza-
tions, bicycle clubs, public service organizations, bicycle manufacturers,

and concerned governmental agencies at all levels.

Evaluation and refinement of countermeasure approaches. 1t would be
unrealistic to assume that all countermeasure approaches have been identi-
fied in this report. The Office of Driver and Pedestrian Research,
National Highway Traffic Safety Administration, presently has a program
underway which will enable a multi-discipfinary team of experts fo study
the problem types in detail, evaluate the countermeasure approaches
suggested in this report, attempt to identify other innovative counter-
measure approaches, and formulate recommendations about specific counter-
measures that should be developed and evaluated. It is recommended that
local and state agencies and special-intferest groups be encouraged to
engage in a similar activity but focus on the problems and constraints
present within a specific state, county, or community. In addition to the
identification of unique and innovative countermeasures, such an activity

would have great educational value for those involved.

Implementation of selective enforcement programs. |t is recommended
that communities throughout the country be urged to develop and implement
a selective enforcement program which focuses on critical violations by

specific bicyclist target groups. The critical violations include:
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entering the roadway from a driveway or alley without slowing, stopping,
or searching for traffic (local ordinances will be required to make this
action unlawfui); riding on the wrong side of the roadway; failure to stop
for stop signs; entering a signalized intersection during an amber signal
phase (additional regulations may be required); and turning without
signaling or searching for traffic. The target population for the selec-
tive enforcement program is mainiy juveniles. A more specific description
of the target population for each of the critical violations is presented

in Section V.

Requirements for Additional Research

Bicyclist behavior. There are at least three germane questions about
accident causation that were not fully answered by this study. One of the
most critical questions concerns the fole of hazard recognition and risk
assessment in juveniles' selection of a non-optimal course, and their
failure fo search in critical situations. Research is needed fo (a)
identify the features in the environment that represent obvious cues to
hazard for adult bicyclists, but either are not perceived or are not
correctly evaluated by juveniles; and (b) identify the environmental fea-
tures that juvenile bicyclists consider when assessing the risk associated

with a specific behavioral act at a specific location.

A second important question that remains unanswered concerns the
reasons why juvenile bicyclists fail to search to the rear before initiating
a left-hand turn. Research is needed to (a) evaluate bicyclists' capability
to maintain control of their bicycles when scanning to the rear, (b) deter-
mine The extent to which this specific skill can be enhanced tThrough
training, (c) determine the extent to which bicyclists rely on auditory
cues to detect overtaking motor vehicles, and (d) identify the traffic

contexts in which bicyclists tend fo rely on auditory cues.

A third question concerns the manner in which a bicyclist's behavior
changes when riding with a companion--particularly when the bicyclist is

following his riding companion. Many bicyclists reported that their
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selection of a suboptimal course and their failure to search for hazards
was due to their assumption that the lead bicyclist would perform these
tasks. |t is likely that this behavior pattern is more common than was
reported by the bicyclists. Research is needed fo (a) determine the manner
in which a bicyclist's behavior changes when he is Trai]ing another
bicyclist, and (b) assess the absolute frequency with which this "blind
foltowing" behavior contributes to accident-producing actions by the

frailing bicyclist.

Bicycle modifications. Developmental research is required to (a)
create devices that will increase the vertical dimensions of fthe bicycle,
and thereby increase the likelihood that it wiil be observed when partly
obscured by barked motor vehicles and other low-lying objects; (b) create
devices to increase both the daytime and nighttime conspicuity of bicycles;
and (c) create rear-vision devices for bicyclists that .,are effective, safe,

and acceptable to the bicycle-user population.

Education and training. |t is anticipated that a considerable
amount of research will be required fto define the most cost-effective
methods for imparting the requisite knowledge and skills to the various
parties who would benefit from education and training. Research on the
education and +raining.of bicyclists and motorists should receive the

highesf_priorify.

Regulations and enforcement. Research is required to assess the
feasibility of selective prohibitions, including: (a) prohibiting bicycle
riding on specific types of roadways; (b) prohibiting riding during specific
Times of the day or night (general, or at specific locations); .(cY)
prohibiting riding by bicyclists younger than a specified age; and (d)
prohibiting riding until bicyclists are able to demonstrate specific
knowledge and skills. Research is also required to identify effective

deterrents for the critical violations.
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SECTION li
INTRODUCTION

This section commences with a description of the project objectives
and a discussion of the magnitude of the bicycle/motor-vehicle accident
problem; the remainder of the section is devoted to a discussion of the

rationale underlying the methodological approach adopted for this study.

PROJECT OBJECTIVES

Stated in The broadest sense, the objectives of this project were to
compile data on the causes of bicycle/motor-vehicle accidents and to use
These data fo identify countermeasure approaches that have the potential
for reducing the number of accidents of this kind. The project was national
in scope and encompassed both urban and rural accidents. The specific
objectives of this project were as follows.

B |dentify the frequentiy occurring problem types® that occur in the
United States.

®m Estimate the relative frequency with which the various problem
types occur.

W Determine if the problem types that occur in urban areas are
different than those occurring in rural areas; for probiem
Types common fto both areas, defermine whether the relative fre-
quency of occurrence is the same in urban and rural areas.

8 Determine if there are probiem types that result in a dispropor-
tionate number of fatal injuries.

m ldentify and evaluate potential countermeasures for each problem
Type (fo the extent possible without undertaking countermeasures
test and evaluation research).

'As will be discussed in more detail later, the term "problem type" refers
To a group of accidents that are caused by a similar combination of factors
and events. In principle, accidents of the same type should be amenable

to the same specific countermeasures, so a problem type represents a well-
defined problem for which specific countermeasures can be tailored.
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\
m Formulate recommendations about further research that is required

to define the problem types in a more definitive manner, or to
better assess potential countermeasure approaches.

MAGNITUDE OF THE PROBLEM

The National Safety Council reports that bicycle/motor-vehicle acci-
dents have resulted in about 1,000 fatalities and about 40,000 disabiing
injuries? each year since 1972 (National Safety Council, 1976). Although
the National Safety Council's data are the best available gauge of the
magnitude of the problem, their estimates are conservative because they
are based only on police-reported accidents. Recent survey data indicate
That a substantial number of the bicycle/motor-vehicle accidents that occur
each year are not reported to the police. For instance:

m A survey of 1,307 motorists in Santa Barbara County revealed that
4.2% of the motorists had been involved in a bicycle/motor-vehicle
accident in the recent past, and that only 25% of the accidents
were reported to fthe police (Cross & deMille, 1973).

® In a nationwide survey of 23,699 elementary school children,
students were required to describe their most serious accident
during the past year, or if none their most serious accident
during the past five years. Of the 393 students who indicated that
their most serious accident was a bicycle/motor-vehicie accident,
only 37% indicated that their accident was reported to the police
(Chlapecka et al., 1975).

m In the present study, the bicyclists and motorists who were inter=-
viewed were asked if they had been involved in any bicycle/motor-
vehicie accidents during the past 24 months other than the one
being investigated. |t was found that the combined samples had
been involved in a total of 47 bicycle/motor-vehicle accidents and
that only 27% of the accidents were reported to the police.

& Although not directly relevant for the United States, it is inter-
esting to note that a recent survey study showed that only 25% of
the injury-producing bicycle/motor-vehicle accidents in Birmingham,
England, were reported to the police (Bull & Rogerts, 1973).

2The National Safety Council defines a disabling injury as one causing
death, permanent disability, or any degree of temporary total disability.
Temporary total disability is defined as an injury which renders the
injured person unable to perform regular duties on one or more full
calendar days after the day of the injury.
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One explanation for these findings is that many bicycle/motor-vehicle
accidents result in little or no injury, and that it is these inconsequential
accidents that are not being reported to the police. Although little is
known about the consequences of unreported bicycle/motor-vehicle accidents,
some information on this issue was obtained from the data compiled by
Chlapecka and his colleagues (1975). At the request of the authors of this
report, a special analysis of Chlapecka's data was performed to determine
the consequences of the unreported bicycle/motor-vehicle accidents in the
sample. The results showed that more than 50% of the unreported accidents
were severe enough to require some form of medical treatment (Schupak, 1975).
Unfortunately, the data were not in a form that enabled a more precise
assessment to be made of the degree of injury sustained in the unreported

accidents.

Although data on the incidence of bicycle/motor-vehicle accidents
are meager, it is nevertheless possible o define the general bounds of
the problem. Since the National Safety Council's estimates are based on
police-reported accidents, it seems reasonable to assume that these esti-
mates--1,000 fatalities and 40,000 disabling injuries--represent the lower
[imit of the problem. But what about the upper bounds? First, consider
the number of fatalities that occur each year. Because nearly all fatal
accidents are reported to the police, the National Safety Council's esti-
mate of 1,000 fatalities per year should be quite accurate. This view is
reinforced by the fact fthat the National Safety Council's estimate of
fatalities corresponds closely with estimates of the National Highway
Traffic Safety Administration, who publishes a monthly running total of

fatal accidents--including bicycle/motor-vehicle accidents.

Next, consider non-fatal but injury-producing accidents. |f the
survey data cited above are assumed to be representative of the nation,
it can be estimated that about one-third of all bicycle/motor-vehicle
accidents are reported fo the police, and that about one-half of the
unreported accidents are injury producing. Using 40,000 as the estimated
number of police-reported accidents, it can be estimated that a total of
about 80,000 injury-producing bicycle/motor-vehicle accidents occur each

year.
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Another source of information about the magnitude of the bicycle/
motor-vehicle accident problem is the data compiled through the National
Electronic Injury Surveillance System (NEISS). This system was developed
by the Consumer Product Safety Commission to compile data on product-
related injuries that are treated in the emergency rooms of a selected
sample of 119 hospitals throughout the United States. The NEISS records
do not include injuries treated in a doctor's office or at home, so the
data are not comprehensive enough to provide an accurate estimate of the
absolute number of injury~producing accidents.?® However, the NEISS data
provide useful information about the severity of bicycle/motor-vehicle
accidents relative to other bicycle—relafed accidents. The NEISS data for
calendar year 1975 show that 82% of all bicycle-related fatalities and 5.5%
of all bicycle-related injuries are the result of a bicyclie/motor-vehicle
accident (Rowe, 1977). These statistics--82% of fatalities and 5.5% of
injuries--are doubly impressive in view of the fact that bicycle/motor-
vehicle accidents account for only a fraction of one percent of all bicycle-
related accidents. These data leave little doubt that bicycle/motor-vehicle
accidents account for a disproportionate number of the consequential bicycle-

related accidents.

UNDERLYING RATIONALE

The research methodology described in Section I11 is an oufgrowth of
a variety of considerations about the nature of the accident-generation
process, the best way fo study this process, and ways by which the process
can be alfered to effect a reduction in the incidence and consequences of
accidents. The considerations that have had the most significant impact on

the methodological approach used in this study are described below.

%A national household survey, conducted in 1970, showed that only 38% of
all disabling product-related injuries are treated in an emergency room
(Food and Drug Administration, 1972).
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CONCEPT OF ACCIDENT CAUSATION

The research approach adopted for this project centers on the identi-
fication of factors that are causally related to the accident or, stated
differently, the pattern of a combination of factors that together caused
the accident o happen. Because of the key role of accident causation in
this project, it is necessary to define the meaning of the term as it is

used throughout this report.

Purpose of Defining Cause

The cause of a traffic accident can legifimately be defined in a
variety of ways, depending upon one's purpose. Probably the most common
purpose of defining accident cause is to establish legal liability for an
accident. When an accident victim or witness is asked to define accident
cause, he will typically respond by describing the particular set of pre-
crash actions and conditions that he considers relevant for the assignment
of legal liability. Therefore, the term cause is most offen used to

connote fault, culpability, or |iability.

The traffic-safety specialist's purpose of defining accident causa-
Tion is to define what can be done, within his particular specialty area,
to reduce the incidence and the consequences of traffic accidents.
Vehicle-design specialists define causation in terms of vehicle attributes
that are causally related to accidents; educational specialists define acci-
dent causation in terms of the operator's knowledge and skill deficiencies
that are causally related to accidents; and highway designers and traffic
engineers define accident causation in terms of the attributes of the
static and dynamic environment that are causally related to traffic acci-
dents. Each of these definitions of accident cause is perfecfiy legitimate
and utilitarian. The definitions serve to focus the specialist's attention
on the factor or factors he can change to effect a reduction in the likeli-
hood fthat a similar accident will recur. Most specialists are fully aware
that accidents are usually the result of a combination of interrelated

factors, but explain that it would be impractical for them to spend time
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defining accident cause in terms of factors that fall outside their area

of expertise and control.

The purpose of identifying cause in this project is similar to that
of the traffic-safety specialist's, but somewhat broader in scope. The
causes of bicycle/motor-vehicle accidents are identified because it is
assumed that the knowledge will lead fo insights about what can be done to
eliminate this kind of accident. However, since the purpose of the
project was to identify the full range of countermeasure approaches, acci-
dent cause is defined in terms of the full range of factors that may
contribute directly or indirectly to a bicycle/motor-vehicle accident,
including:

B OPERATOR FACTORS--Operator factors include operator conditions
that were subnormal or atypical at the time of the accident and
That contributed directly or indirectly to the accident. Operator
factors also include specific behavioral acts performed by the
operator that are considered subnormal or atypical and that had
a contributory effect.

® VEHICLE FACTORS--Vehicle factors include vehicle failures and
vehicle design features that contributed directly or indirectly to
the accident.

B PNVIRONMENTAL FACTORS--Environmental factors inciude weather condi-
tions, lighting conditions, roadway conditions, traffic conditicns,
and any other environmental object or condition that contributed
to the accident.

Assumption of Multiple Causation

A causal factor is defined as a condition or event that is necessary
for an accident fo occur, but it is assumed that there is no single causal
factor that is sufficient in itself to produce.an accident. Examination of
the circumstances surrounding a specific accident may lead an investigator
to conclude that the accident would not have occurred if the operator had
not been intoxicated, the street surface had not been covered with ice, the
vehicle's braking system had not been worn, or it had not been snowing.
Although it may be true that the accident would not have occurred if any
one or more of these factors had been absent, their presence is not suf-

ficient to produce an accident in every case. The same is true of accident-
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producing events. It is not possible to define an event that will produce
an accident under all circumstances. Even a catastrophic failure of the
operator or vehicle does not always lead to an accident. It follows that
accident cause must be defined in terms of some combination of factors

that together are both necessary and sufficient to produce an accident.

Sequential and Simultaneous Factors

The authors concur in principle with the traditional view that an
accident is the end product of a chain of events, and that the cause of the
accident must therefore be defined in terms of a set of events that are
sequentially related to one another. But it may be misleading to imply
that the accident-generation process is closely analogous to a chain. Such
an analogy suggests--at least implicitly--that each event in the "chain"
has one and only one antecedent. In reality, an event is usually, if not
always, the result of multiplie, simultaneously occurring antecedents--each
being necessary, but not in itself sufficient, to. cause the event in question
to occur. According fo this conceptualization, the terminal event (acci-
dent) has a set of simultaneously occurring antecedents; each antecedent of
the terminal event, in turn, has its own set of simultaneously occurring
antecedents; and so on. Thus, a fully comprehensive definition of accident
causation would require a listing of both the sequential and the simultaneous
antecedents and a description of how the antecedents are related fo one

another.

If one accepts the premise that every event has a cause, it follows
that the chains of antecedents could be traced backward in time from the
accident to the operator's birth, or before. So the question becomes, how
far back in Time should one attempt to trace the chains of antecedents?

For fthis project, cause is defined in terms of The events that occurred and
the conditions present during the "trip"; that is, the period between the
accident and the point in time when the operator commenced his pre-trip
preparations. |t is assumed that knowledge of the events that occur and
The conditions present during this time period wil!, in most cases, provide

a clear picture of what must be changed to effect a reduction in accidents.
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MODEL OF ACCIDENT-GENERATION PROCESS

Many researchers have recognized the need fo formulate a conceptual
model| of the accident-generation process to help sfrucfuré their thinking
about specific data requirements and methods for data analysis and interpre-
tation. The authors of this report experienced a similar need for structure
in the study of bicycle/motor-vehicle accidents. The mode! developed to

fulfill this need is illustrated in Figure 1 and described below.

The conceptualization of the accident-generation process described
here has been influenced greatly by the work of Snyder et al. (1971) and,
to a significant but lesser extent, by the work of Baker (1961), Baker and
Ross (1961), Fell (1974), McGlade and Laws (1962), and Perchonok (1975).

Terminal Event

The terminal event is an accident involving a bicycle and any ftype of
motor vehicle, or a collision with another vehicle or object that resultfed
from an attempt to avoid a bicycle/motor-vehicle collision. Information
about the terminal event alone provides no insight about accident causation,
but is needed to assess the consequences of the accident and the potential

value of "at-crash" countermeasures.

VEHICLE
FACTORS
(PREDISPOSING)

A

OPERATOR FUNCTION CRITICAL TERMINAL
FACTORS | FAILURES > EVENT
(PREDISPOSING) (PRECIPITATING) ACTIONS (ACCIDENT)

T

ENVIRONMENTAL
FACTORS
(PREDISPOSING)

Figure 1. Conceptual model of the accident-generation process.
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Critical Actions

Critical actions refer to the vehicles' actions and movement patterns
that led directly to the accident. Using the concepts developed above,
critical actions are the events that are the immediate antecedents of the
crash. The critical actions constitute the ultimate target for accident
countermeasures, and The only criterion for the success of a countermeasure
is whether it produces the desired change in the critical actions of at

least one of the vehicles.

Critical actions cannot meaningfully be described out of context.
Little understanding is gained by knowing only that an accident occurred
when a vehicle was turning left, turning right, proceeding straight ahead,
accelerating, decelerating, and so on. These are commonplace actions and
movement patterns that are performed every day. Contextual data are needed
to understand why the actions proved criftical on that particular occasion.
Therefore, a meaningful definition of the critical actions must include a
description of the relevant attributes of the roadway and traffic environ-

ment in which the critical actions occurred.

Function Failures

The critical actions serve to define what must ultimately be changed
in order to effect a reduction in accidents, but knowledge of the critical
actions alone provides no insight about how fto achieve the desired change.
Such insight can be gained only by examining the chains of events that
preceded the critical actions. Events that are causally related to the
critical actions can be characterized as operational failures of the
traffic system. That is, one or more elements. of the traffic system failed
to perform as expected. Operators can fail, vehicles can fail, and certain

elements of the environment can fail.

Operator failures. An operator failure must be defined in terms of
the operational rules--formal and informal--that have evolved for the
traffic system. An operator failure may be the resuit of the operator's

failure to perform an expected function; or conversely, it may be the
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result of an operator's performance of a function that is unexpected.
Clearly, the capabilities and limitations of vehicle operators in general
must be consfdered in assessing whether or not a failure occurred. It
cannot be said that an operator failed because he was incapable of reacting
instantaneously, because he was incapable of processing a vast quantity of
information, or because he failed to perform other superhuman feats. When
such is the case, one must iook elsewhere for the failure. When considering
operator failures, a question arises as to whether subnormal physical con-
ditions, mental conditions, knowledge, or skill should be considered to be
operator failures. |t is believed that it is best to define opera+or'
failures only in terms of behavioral acts that should not have been per-
formed or acts that should have been performed but were nof. Operator
characteristics or conditions that influence behavior will be defined as

predisposing factors.

Vehicle failures. A vehicle failure occurs when the vehicle fails fo
perform 'within the range of normalcy. The'inabilify to stop would be
classified as a vehicle failure if the braking system performed in a sub-
normal manner for that particular type of vehicle. Obviously, the inability
of a vehicle to literally "stop on a dime" could not be considered a

failure.

Vehicles may be designed in a way that makes them incapable of per-
forming wi+hfn the range of normalcy under some circumstances. Although
it could be said that faulty design constitutes a vehicle failure, it is
usual ly more meaningful to define the function failure in ferms of a more

proximal event, and to identify faulty design as a predisposing factor.

Envirormental failures. In the fTrue sense of the word, there are few
elements in the environment that can fail. There is no question that mal-
functioning traffic signals, flashing warning lights, street lights, and.
railroad-crossing barricades shouid be considered environmental failures.
But, what about substandard roadway surfaces, poorly placed signals, non-
standard roadway designs, inclement weather, and fthe many other environ-

mental elements that may be causally related fo accidents? As was true
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with faulty vehicle design, it is believed that it is preferable to define
the failure in terms of a more proximal event, and to identify environmental

elements as predisposing factors.

Causal Factors

Causal factors are the operator factors, vehicle factors, and environ-
mental factors that are causally related to the function failure. As
depicted in Figure 1, vehicle and environmental factors may lead directly
to a function failure, or the effect may be mediated by the operator.
Whether the effect of vehicle and environmental factors is direct or
indirect has important implications for countermeasures development. |If
the effects of factors are mediated by the operator, there are two counter-
measure options. One can either eliminate or modify the factor directly,

or one can enhance the operator's ability fo cope with it.

In principle, fthe confribufory effect of most, if not all, vehicle
and environmental factors is mediated by the operator. Loose gravel may
contribute to a function failure, but only because of the operator's
failure fto recognize and cope with it. Narrow roads or heavy traffic may
be contributing factors, but only because of the operator's inability and/or
disinclination to counter these factors by modifying his course or selecting
a safer route. Similarly, an operator can behave in a manner that would
offset the effects of faulty brakes, poor vehicle design, darkness, visual
obstructions, and a host of other vehicle and environmental facfors. |In
‘practice, whether an effect should be considered direct or indirect depends
on the ease with which a normative operator could be expected to develop

the knowledge and skil! required to counteract the effect.

BEHAVIORAL SEQUENCE MODEL -

—~—

The evidence available at the oufset of this project indicated that
most bicycle/motor-vehicle accidents are precipitated by an operator failure.
Since it was expected that a very large proportion of the function faifures

for bicycle/motor-vehicle accidents would be behavioral, it was considered
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important that a conceptual framework be developed that would prove useful
in identifying and defining the behavioral acts that constitute function

failures.

The Behavioral Sequence Model, developed by Snyder et al. (1971) for the
study of pedestrian accidents, appeared to have equal utility for the study
of bicycle/motor-vehicle accidents; so Snyder's mode! was adopted for this
study along with most of his terminology. The events that occur prior to
the time vehicles enter on a collision course appear to have somewhat more
relevance for bicycle/motor-vehicle accidents than for pedestrian accidents.
So the mode! described here places somewhat greater emphasis than did
Snyder on the events that occur prior to the selection of a collision course.
Also, as is discussed below, specific anchor points in the accident-genera-

tion process have been defined that are not a part of Snyder's model.

The Behavioral Sequence Model used here encompasses the events and
actions that occur during the trip fthe operator was taking at fthe ftime fhe
accident occurred. The trip has been subdivided into three functional
phases: the Preparatory Phase, +he‘AnTicipa+ory Phase, and the Reactive
Phase. Each of fthe three phases are defined below, along with a.discussion

of the functions of inferest during each phase.

Preparatory Phase

The Preparatory Phase commences when the operator makes a decision fo
execute a trip and terminates at the point at which the operator begins the
task of selecting a course through the accident area. The functions that
must be performed during the Preparatory Phase are of two types, "evaluation"
and "decision." An operator must evaluate his own capability and that of
his vehicle to execute (or continue) the desired trip under the environ-
mental conditions that will be (are) encountered during the frip. The
operator must also evaluate alternate routes to his destination in terms

of his momentary trip objectives.
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An evaluation failure occurs when an operator fails to recognize the
operator, vehicular, and environmental factors that affect the likelihood
that his trip will be compieted safeiy, or when the operator fails to
assess correctly the degree to which such variables affect accident likeli-
hood. An evaluation failure also occurs when an operator draws incorrect
inferences about the relative safety of alternate routes, or when the
operator fails fto recognize that meeting a time schedule he has set for

himself will require him to operate his vehicle at unsafe speeds.

A decision failure occurs when the operator performs the necessary
evaluations correctly, but decides to execute or continue a frip with the
full recognition that his condition, his vehicle's condition, or the
environmental conditions make it unsafe to do so. Also, decision failures
occur when the operator bases his route selection and scheduling decisions

on considerations other than safety.

it is unlikely that events occurring during The Preparatory Phase

will lead to failures from which it is not humanly possible to recover, so
failures during the Preparatory Phase will ordinarily be predisposing
rather than precipitating. Exceptions to this rule are the cases in which
the operator's performance capability is impaired to such an extent that
he is clearly incapable of executing the trip safely. For instance, when
the operator's performance is impaired seriously by alcohol or drugs, or
when the operator is suffering from a serious physical or sensory impair-
ment, the precipitating failure could be attributed to evaluation or

decision failures during the Preparatory Phase.

Anticipatory Phase

The Anticipatory Phase commences at the point where the operator
begins to perform the tasks required to select a course through the accident
area. This phase terminates at the point where the other vehicle (the
vehicle with which the operator subsequently collided) first could have been
observed if the operator had been looking in the proper direction. This

point in time and space is termed "the point first observable." There are
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six sequential functions that must be performed in order to select an
appropriate course through an area. These functions are defined below.
Keep in mind that these functions are performed prior to the point at
which the other vehicle could have first been observed. Also, keep in
mind that the purpose of these functions is fo select and implement a

course through the accident area, rather than to evade a specific conflict.

® SEARCH--The operator must search the portions of the environment
that contain information relevant for course selection. As the
term is used here, the search function includes both the scanning
and the perceptual process. The search function is not performed
effectively unless the operator searches for and consciously
perceives all the relevant elements that are visible. Although
it would be useful to identify cases in which the operator scanned
in the direction of an object but did not perceive it, such a
determination is nearly impossible with post-accident interview
data.

® DETECTION--The operator must detect the elements in the traffic
environment that are relevant for course selection. As the term
is used here, a detection failure occurs only when the operator's
sensory capabilities (vision and/or auditory) are femporarily or
permanent!ly impaired, when the relevant elements are obscured from
view by an obstruction, or when the visibility conditions are
seriously degraded (poor |ighting conditions, atmospheric attenua-
tion, etc.). This represents a deviation from other, and probably
more common, definitions of the detection function.

® EVALUATION--The operator must integrate the information that he
has perceived; he must identify alternate courses through the area;
he must estimate the relative safety of each alternative course;
and he must correctly identify the course that objectively is most
safe. An evaluation failure occurs when an operator concludes that
the objectively safest course is no more safe or less safe than
other courses available to him.

® DECISION--The operator must decide upon a course that best fulfills
his momentary needs. When an operator has strong momentary needs
that are in direct competition with the need for safety, he may
perform a trade-off decision in a perfectly rational way and con-
clude that a suboptimal course (any course other than the safest
one) better suits his needs. Such a conclusion represents a
decision failure, even if the operator's conclusion was logical--
given the relative strength of the competing needs. In short, a
decision failure occurs whenever an operator selects a course that
he knows is less safe than available alternatives.
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® OPERATOR ACTION--The operator must perform the perceptual-motor
tasks required to guide his vehicle through the selected course.
An inability to accomplish these tasks represents an operator-
action failure.

8 VEHICLE ACTION--The vehicle must respond in a normal way to the
operator's control inputs. A vehicle-action failure occurs when
the vehicle fails to respond or responds in an abnormal way.

The operator's course is defined in terms of the vehicle's path and
speed; so a course may be suboptimal because an operator selected a sub-
optimal path, or because he was traveling at a suboptimal speed, or both.
When the operator's course is suboptimal, a predisposing or precipitating
failure can be fraced to one of the Anticipatory-~Phase functions. Whether
the failure is precipitating or predisposing depends upon the time avail-
able fto perform the Reactive-Phase functions once the other vehicle first
becomes observable. The function failure is precipitating if the suboptimal
course creates a situation in which successful evasive action is not humanly
possible once the other vehicle first becomes observable. The function
failure is predisposing if the suboptimal course makes evasive action more

difficult but not impossible.

Reactive Phase

The Reactive Phase commences at the point where the other vehicle
first becomes observable, and terminates at the collision point. The
Reactive-Phase functions are defined below, and a model is presented that
depicts the characteristics of the function/event sequence for the Reactive
Phase. Also described are the special anchor points that have been defined

for the Reactive Phase of the accident-generation model.

Reactive-Phase funetions. The critical functions that must be per-
formed during the Reactive Phase are of the same general type as those that
must be performed during the Anticipatory Phase, but differ in terms of
their objective. The objective during the Anticipatory Phase is course
selection, while the objective during the Reactive Phase is collision
avoidance. The differences are reflected in the function definitions listed

below.
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® SEARCH--The operator must search fthe relevant portions of the
environment for potentially threatening vehicles. As was true for
the Anticipatory Phase, the search function includes both the
scanning and the perceptual processes. Therefore, a search failure
~occurs when the other vehicle is visible but not consciousliy
perceived by the operator.

® DETECTION--The operator must detect the presence of vehicles that
constitute a potential hazard. Again, a detection failure occurs
only when the operator cannot detect the other vehicle because of
temporary or permanent sensory impairments, visual obstructions,
or degraded visibility conditions.

® EVALUATION--The operator must assess the velocity vector of the
other vehicle with respect to his own, and must judge whether or
not his vehicle is on a collision course with the other vehicle.
If the operator judges that the vehicles are on a collision course,
he must identify alternative evasive actions and evaluate their
probable effectiveness in reducing accident likelihood. [|f the
vehicles are not on a collision course, the operator must judge
“whether a collision course could be introduced by a change in the
direction or velocity of the other vehicle; he must assess the
| ikel ihood that such an event will occur; and he must identify and
" assess alternative courses of action. An evaluation failure occurs
when an operator fails to recognize the need for evasive action
and identify the evasive action that minimizes accident [ikelihood
or, if a collision is imminent, the force of the impact.

® DECISION--The operator must choose the evasive action that best

suits his momentary needs. A correct decision is made only when
the operator chooses the evasive action that he perceives to be

most safe.

® OPERATOR ACTION--The operator must perform the motor behavior that
is required to implement the evasive action he decided upon.

® VEHICLE ACTION--The vehicle must respond to the operator's motor
inputs in a normal manner.
If a precipitating failure does not occur during the Preparatory or
Anticipatory Phase, a precipitating failure must occur at some point during

the Reactive Phase.

Function/event sequence for Reactive Phase. Figure 2 shows the
sequence of Reactive-Phase functions and possible outcomes for the bicyclist
and motorist. This diégram, with onfy minor modifications, was taken from

Snyder's report on pedestrian accidents (Snyder, et al., 1971, p. 3-3)

40



MOTORIST

R 2 A [ 2 (O 2 O

VEHICLE
ACTION

E P F B R T

SEARCH DETECTION EVALUATION DECISION ACTICN

ol BICYCLE/MQTOR
G:?g,, VEHICLE E:bgigégn
> COLLISION

INO lNO lNO lNO _INO NO

VEHICLE
ACTION

SEARCH DETECTION EVALUATION DECISION ACTION

YES YES YES YES YES

BICYCLIST

Figure 2. Generalized function/event sequence.

because it vividly illustrates two important characteristics of the Reactive
Phase. First, failure to perform one function adequately precludes the
possibility of adequately performing the following functions. |If an opera-
tor fails to search in the direction of the other vehicle, he cannot

detect it; if the operator does not detect the other vehicle, he cannot
perform the evaluation. function; and so on. Second, it can be seen that

an accident is avoided if either the bicyclist or motorist performs all

The functions adequately; or, stated differently, an accident occurs only
if both the bicyclist and the motorist fail to perform one of their func-
tions adequately. It follows that a complete definition of the cause of

an accident must identify a function failure for both the motorist and the

bicyclist.

Some readers might find it difficult to accept the notion that a
fotally non-culpable operator has "faiied." This difficulty stems from a
tendency to confuse function failures with fault or culpability. Although
it is true that many function failures are the direct result of an operator

error, this is by no means always ftrue. There are many instances in which
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a totally innocent operator cannot perforh a function because it is simply
not humanly possible to do so. Detection failures occur, but the operator
cannot be faulted for being unable to see through a block wall. Evaluation
failures occur, but the operator cannot be faulted for being unable to

anticipate a completely atypical maneuver by the other operator.

Identifying the function failure of the non-culpable operator is
necessary fo fully describe the accident-generation process; moreover it
can be of great value in defining ways the non-culpable driver's behavior
can be modified to effect a reduction in accident likelihood. Indeed,
defensive driving schoois assume that collisions can be avoided by either
party, and they concentrate on enhancing the knowledge and skills that
enable a normally safe and lawful driver To counteract -the mistakes of

drivers who lack the inclination or ability to drive safely.

A function/event flow diagram similar to the one’shown in Figure 2

could be prepared for both the Preparatory- and Anticipatory-Phase functions.

Anchor points within the Reactive Phase. lLocating a function failure
is a relatively simple matter when an operator simply fails to perform a
function altogether. I+ is more difficult to locate the function failure
when the function is performed with a sufficient degree of accuracy or
precision, but an inordinate amount of time is consumed in doing so. In
order to identify a failure of this type, one must have evidence that the
amount of time consumed in performing the function is substantially greater
than would be required by a "normally" alert and capable operator (hereafter

referred to as a "normative'" operator).

An after-the-fact assessment of the amount of time that an operator
spent in performing a specific function is difficult. It is equally diffi-
cult To judge reliably the amount of time a normative operator would
require to perform the same function under the same set of circumstances.
Yet it is these types of judgments that are required to identify where in

The behavioral sequence the function failure occurred.

42



In order to assess the timeliness with which the functions are per-
formed, it is necessary to determine where in time and space the functions
were performed. As an aid in defining the information required to assess
the timeliness of operator functions, five key anchor points along the
accident vehicle's path were defined. These anchor points are described
below.

® COLLISION POINT--The point at which fthe vehicles collided; or, if

the vehicles did not collide, the point of the first harmful
event.

® POINT OF FIRST EVASIVE ACTION--The point at which the operator
first initiated action in an attempt fo avoid a collision; or, if
a collision was imminent, to reduce the force of impact.

® POINT OF FIRST ALARM--The point at which the operator first
recognized that his vehicle was on a collision course with another
vehicle, and that a coliision would occur if evasive action was
not taken by one or both operators.

® POINT OF FIRST DETECTION--The point at which the presence of the
other vehicle was first perceived.

® POINT FIRST OBSERVABLE--The point at which the presence of the
other vehicle could first have been detected if the operator had
been scanning in the proper direction and had been alert.
Knowledge of the location of the above anchor points and knowledge
of the vehicles' speeds at these points enables one to make estimates of
the amount of time fThat was available to perform the functions and the
amount of Time used fo perform each function. Figure 3 and the following
discussion illustrates, in principle, the types of conclusions that can be

drawn from a knowledge of the location of the anchor points.

The circles in Figure 3 depict the location of the anchor points
along a hypothetical time dimension--time before crash. Thus, in this
example, the Point First Observable was located 44 time-units before the
crash; the Point of First Detection was located 31 time-units before
the crash; and so on. Since the Reactive Phase does not commence until
the other vehicle first becomes observable, the time interval t; is the

total amount of time available to perform all of the Reactive-Phase
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Figure 3. Illustration of use of anchor points in assessing time available

and time used to perform behavioral-sequence functions.
functions. [f a normative operator would require more time than t; to
perform the Reactive-Phase functions, it cannot be said that a function
failure occurred during the Reactive Phase. The time interval t, shows

the amount of time actually used to perform the search and detect functions.
Time interval t3 is the time available to perform the remaining functions

in the behavioral sequence (evaluation, decision, operator action, and

vehicle action).

For purposes of illustration, assume that t, Zg +ime enough for a
normative operator to perform all the Reactive-Phase functions; and further
assume that t3 is not enough time for a normative operator to perform the
remaining functions (evaluation, decision, and action). It follows that an
excessive amount of time was consumed in performing the search and detection
The location of the function failure is therefore narrowed to

Additional

functions.
one of two functions, search or detection. information would be

required fo determine which of the two functions was performed inadequately.

By definition, the Point of First Alarm is fthe point at which the
operator completes the evaluation function; so the time interval +, is the

amount of ftime that was used in performing the evaluation function. The
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Time interval ts is the amount of Time available fo perform the decision
and action functions. |f t3 is adequate time for a normative operator to
perform the remaining functions but ts is not, it can be assumed that the

operator used an excessive amount of time to perform the evaluation function.

Time te is the amount of time used to perform the decision and
operator-action functions. |f it is assumed that operator response time
is a constant (k), then the time taken to perform the decision function
equals tg-k. Time t7 is the amount of time available to perform the
vehicle-action function. When crashes occur, ts is always an inadequate
amount of time to complete the vehicle action, regardless of which function
it was that failed. '

The utility of the anchor points in assessing the Timeliness of func-
tions is limited by the accuracy with which anchor points can be located
in space, speed can be estimated, and normative performance can be predicted.
As wil] be discussed later, the interview procedure and other aids were
designed to maximize the accuracy of these determinations. Even under the

best of circumstances, however, the assessment is subject to error of

estimation.

NEED FOR ACCIDENT CLASSIFICATION SCHEME

The methodological approach adopted for this study centers on the
development of an accident classification scheme for use in classifying
individual accident cases into a set of mutually exclusive problem types.
Since accident classification plays such a key role In this project, it
seems worthwhile to comment briefly on why this approach was selected over

other, more conventional, approaches.

Like other types of traffic accidents, bicycle/motor-vehicle acci-
dents exhibit great diversity in the situations in which they occur and the
reasons for which they occur. When every case is viewed as a unique event,
the universe of bicycle/motor-vehicle accidents presents an overwhelmingly
complex picture to even the most capable researcher. The nature of the

problem, and therefore approaches to reducing the problem, simply cannot
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be comprehended without structuring the universe of accidents in some mean-
ingful way. Therefore, the primary requirement for an accident classifica-
tion scheme stems from the need to structure a complex universe of accident
cases in a manner that facilitates an understanding of the fundamental

characteristics of the cases, individually and collectively.

Probably the most common method for structuring a complex universe
of objects or events is to develiop a classification scheme that enables
one to subdivide the universe of cases into mutually exclusive "sets" by
grouping together objects or events that exhibit commonality in one or
more of their attributes. Classification schemes have been developed and
used since the days of the early Greeks (Crowson, 1970), and much of the
progress in the physical and biological sciences can be atfributed to this
tool for scientific inquiry (Sokal, 1974). More recently, classification
schemes have been developed and successfully used in the study of pedestrian
accidents (Snyder, et al., 1971) and alcohol-related motor-vehicle accidents

(Perchonok, 1975).

The ultimate value of an accident classification scheme depends
largely on the criteria used for classification. Although it is possible
to classify accidents in terms of any arbitrarily chosen descriptive
variable (vehicle type, roadway type, operator's age, and so on), one has
no assurance that the accidents classified into the same set are any more
similar with respect to the accident-generation process than a group of
accidents selected at random. |f one's purpose of investigating accidents
is to understand the nature of the accident-generation process, the candi-~
dates for ciassificafion criteria are limited fo variables that are
causal ly related to the accident. Therefore, the development of a truly
useful accident classification scheme would require the accomplishment of
the following tasks.

B8 Investigate each accident case in detail.

® For each case, identify the variables (failures and factors) that
are causally related to the accident-generation process.

® Group together accident cases that exhibit commonality in one or
more of the variables shown to be causally related to the accident.
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A second factor that has an important influence on the utility of a
classification scheme is the degree of commonality that must be exhibited
by accident cases in order to qualify them for classification into the same
type. There are no fixed rules for defining the degree of commonality that
is best. A requirement for commonatity in virtually every attribute undoubt-
edly would resuit in a vast number of problem types, each with only a few
cases. Even though highly specific countermeasures could be defined for
each type, so few cases would be affected by a given countermeasure that
its cost could seldom be justified. Conversely, a requirement for common-
ality in only a smail number of attributes would resuit in problem types
That are so general that they would have liftle utility for identifying

countermeasures that are specific enough +o be effective.

Thus, decisions about the optimal degree of commonality must be based
on a consideration of the specificity with which countermeasures can be
defined, The probable number and consequences of accidents that would be
affected, and the cost of implémenTing the counfermeasure. This sfudy was
designed to provide the information required to make such decisions. More
will be said later about how the accident classification scheme was
developed and the procedure used to classify accident cases into specific

categories that are referred to here as "problem types.”
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SECTION i1l
METHODOLOGY

This section describes the methods and procedures that were used to
compile and analyze data on bicycle/motor-vehicle accidents. A brief over-
view of the methodological approach is followed by a more detailed descrip-
tion of the specific methods and procedures that were employed. For the
sake of brevity, lengthy descriptions of procedures, specimens of data-
collection instruments, and coding indexes are presented in the appendices.
Volume 2 of this report contains a copy of the Field Investigator's
Instruction Manual (Appendix A), specimens of the questionnaires and other
data-collection instruments (Appendix B), a detailed description of the
post-interview evaluation procedure (Appendix C), and supporting data not
included in Volume 1 (Appendix D). Volume 3 contains the coding index for
the questionnaires (Appendix E) and the post-interview evaluations (Appen-
dices F and G).

OVERVIEW

Data on bicycle/motor-vehicle accidents were collected in four
sampling areas in the United States. The sampling areas were selected to
provide maximum coverage of the characteristics of the bicycling population
and the environmental conditions in which they ride. The sampling areas,
each consisting of several contiguous counties, were located in California
(Los Angeles area), Colorado (Denver/Boulder areas), Florida (Tampa/Orlando
areas), and Michigan (Detroit/Flint areas). A proportionate sample of
accident cases was selected from those occurring during each month of
calendar year 1975, and an attempt was made to select equal numbers of
urban and rural accidents at each sampling area. A case was rejected from
the sampie if it was an unwitnessed hit-run accident or if both of the

involved operators refused to be interviewed.
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Data on each accident case in the sample were compiled by a trained
Field Investigator. Following a highly structured data-collection procedure,
the Field Investigator compiled and recorded data from several sources,
including: the official ftraffic accident report, observations and measure-
ments taken at the accident location, and detailed interviews with the
vehicle operators and persons who witnessed the accident. A structured
questionnaire and a detailed scale drawing of the accident site were used

to conduct the operator interviews.

Some questionnaire items were designed to provide information about
the characteristics of the operator, his vehicle, and his trip. However,
most items were designed fo provide detailed information about the accident-
generation process. The interview procedures and instruments were designed
to provide a clear notion of the pre-crash path of both vehicles, the
function failure of each operator, and the combination of factors that

were causally related to the function failures.

After the data forms were cleaned and verified by home-office person-
ne], the Principal Investigator studied the data for each case and made the
final judgment about the function failure for each operator and the
factors that contributed to the function failures. The data were then

encoded, punched onto IBM cards, and entered into a computerized data file.

A classification procedure was developed and the sample of accident
cases was classified into mutually exclusive "types" by the Principal
Investigator. Cases classified into the same type exhibited commonality
in one or more of the following attributes: +the traffic context in which
the accident occurred, the operators' function failures, and the combination
of factors causally related to the function failures. The data were
analyzed as required to describe the characteristics of the sample (pooled
and by problem type) and to address the issues posed in the description of

the Project Objectives (see Section |1).

The final task was to identify pofenfial;counfermeasure approaches
for each problem type and fo formulate recommendations about additional

research requirements.
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SAMPLING PROCEDURES
SAMPLING AREAS

A sampling area was selected in each of four geographical regions®
within the United States. Together, the four geographical regions covered
a wide range of climatic conditions, ftopographic characteristics, and
demographic characteristics. Each sampling area contained at least one
large metropolitan area, and encompassed rural areas that varied in land
use from purely residential (housing tracts in the urban fringe) fo purely
agricultural. Table 1 identifies the counties located within each sampling
area and shows the size and density of the population residing in each
county within the central city area, outside the central city area, and

in the total sampling area.

SELECTION OF SPECIFIC CASES FOR STUDY "

A quota of 200 accident cases--100 urban and 100 rural accidents--
was established for each sampling area. The method used to select the
sample of non-fatal cases is described below. Because of the low incidence
of fatal accidents, the sample included all fatal accidents that occurred
in the four sampling areas. |In addition, a ftraffic accident report was
obtained for each fatal accident that occurred during calendar year 1975 in

in the entire States of California, Colorado, and Florida.

Definition of Monthly Quota

One objective of the sampling procedure was to select a proportionate
sample of cases that occurred during each month of calendar year 1975.
Since the data for 1975 were not available at the time the study was ini-
tiated, the proportion of the annual total occurring during each month of
the previous year was used to define the monthly sampling quota. For

instance, if it was found that six percent of the yearly total occurred

*A fifth sampling area was selected in the vicinity of Baltimore, Maryland,
but difficulty in locating reliable Field Investigators prevented the
investigation of a significant number of cases at this location.
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TABLE 1
POPULATION SIZE AND DENSITY OF SAMPLING AREAS

Z5

SAMPLING AREAS POPULATION SIZE! AND DENSITY2
WITHIN OUTSIDE
STATE COUNTIES BY COUNTY CENTRAL CITY | cENTRAL erty | TOTAL AREA
TOTAL [DENSITY] TOTAL |DENSITY] TOTAL |DENSITY| TOTAL [DENSITY
WAYNE 2,267 | 3,747
OAKLAND 907 | 1.046
MACOMB 625 | 1.302
GENESEE 444 | 691
MICHIGAN |prieoce) 2aa | S | 1,874 |10,136 | 2,838 | 557 | 4,708 | 893
ST. CLAIR 120 163
LIVINGSTON 59 | 103
LAPEER 52 79
PINELLAS 522 | 1,970
HILLSBOROUGH 490 | 472
ORANGE 304 | 378
BREVARD 230 | 227
FLORIDA  [BoLy 201 2| sov|a.215| 1,097 | 165 | 1,998 | 268
SEMINOLE sa | 275
PASCO 761 102
0SCEOLA 25 19
DENVER ’ 515 | 5,421
JEFFERSON 233 | 298
COLORADO | ADAMS 1861 10| s75]|7.6021 7130 198 1,228{ 335
ARAPAHOE 162 | 203
BOULDER 132 | 176
LOS ANGELES 7,032 | 1,728
SAN BERNARDINO| 684 34
CALIFORNIA| 290 BERNA o 20 | 3,610 | 6,564 | 4,91 153 | 8,551 257
VENTURA 376 | 202

lpopulation totals in units of 1,000.
2population density in persons per square mile.




during the month of April in 1974, six percent of the sampling quota
(6% x 200 = 12 cases) was selected randomly from the pool of accidents

that occurred during April of 1975.

Preliminary Selection of Cases

Arrangements were made with the accident record-keeping agency of
each state to provide a monthly listing of the bicycle/motor-vehicle acci-
dents that occurred during each month of calendar year 1975. The monthly
listings were provided as soon as the accident data for the month in ques-
tion had been entered in the state's data files. (Typically, there was a
two to four-month lag between the time the accident occurred and the time
the monthly listings could be produced.) The listing contained the accident
report number and a designation of the type of area (urban or rural, as

officially designated) in which the accident occurred.

The accident cases required to meet the monthly quota were selected
at random from the monthiy listings. The number of cases selected for each
month was 50% greater than that needed to fill the monthly quota. The
additional cases were selected to replace those that were rejected during
the initial screening or were lost because the operators' refused fo be
interviewed or could not be located. An attempt was made fto select equal
numbers of urban and rural accidents. In some sampling areas, however, the
incidence of rural accidents was so low that it was impossible fo fill one-
half the monthly quota wi%h rural accidents. |In these cases, every rural
accident was selected, and the remaining cases required to fill the monthly
quota were selected from the urban accidents that occurred during the same

month.

Screening of Cases

Traffic accident reports for the cases selected were obtained and
examined by home-office personnel. Hit-run accidents were rejected unless
the official accident report contained the name of at least one person who

witnhessed the accident. In addition, a few cases were rejected because the

’
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information on the official accident report was iliegible. The reports

for the remaining cases were sent to the appropriate Field Investigator.

AT the same time, a letter was sent from the home office to each operator.
fhe letter explained the purpose of the project and informed the operators
that they would soon be contacted by a Field investigator who would attempt

to schedule a time for a home interview.

Upon receipt of the traffic accident reports, the Field Investigator
attempted to contact the involved operators to arrange a time for an
interview. |f only one operator could be located or if only one operator
agreed to the inferview, an attempt was then made to solicit the coopera-
tTion of persons who witnessed the accident. Accident cases were rejected
from further consideration unless at least one victim and one witness
agreed to be inferviewed. When a case was rejected, a replacement was
drawn from the monthly pool and a "rejection form" was completed for the

rejected case.

DATA~COLLECTION METHODS AND PROCEDURES

Data collection was accomplished by Field Investigators who were
permanent residents of the sampling areas. All Field Investigators had
prior experience in conducting home interviews and were given extensive
training on the methods, procedures, and materials developed for this
project. The sequence of daTa—coIleé%ion tasks performed by the Field
Investigators is described briefly below. A more detailed description of
the data-collection methods and procedures is contained in the Field
Investigator's Instruction Manual (Appendix A). Specimens of the question-
naire instruments and other materials used for data collection are contained

in Appendix B.

PRELIMINARY STUDY AND PREPARATION

The tasks described under this heading were accomplished for each

accident case prior to the time the first interview for that accident was

conducted.
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Study of Official Accident Reports

The Field Investigator's first task was to carefully study the infor-
mation contained on the official accident report. This study provided the
Field Investigator with a general understanding of tThe circumstances
surrounding the accident and knowledge of the characteristics of the
involved motorist and bicyclist. Although the accident reports contained
limited and sometimes erroneous information, they usually provided suffi=-
cient information to enable the Field Investigator to perform the on-site
inspection (described below) in an effective manner. Additionally, data
recorded on the accident report were used to complete the first two pages
of the Descriptive Data Form (Appendix B). (All the information taken from
the official accident report was subsequently verified during the operator
and witness interviews.) The data items obtained from the official accident
report and coded onto the Deseriptive Data Form include the following.

m Personal data on accident victims and witnesses
name
address
phone
age
sex
marital status

B Accident location
state
municipality
county

location of collision point (relative to intersection, mile
post, landmark)

Time of accident
date
month
year
day of week
hour of day

Conditions at time of accident
weather
lighting
roadway surface
roadway repair

Citations issued

Violations not cited
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®m |[nvestigating officer's assessment of:
bicyclist's physical condition
motorist's physical condition
vehicle condition
primary cause and associated factors
Type and extent of injuries

® Disposition of injured

On-Site Inspection

At the outset of the project, the Field Investigators were required
to conduct the on-site inspections on the same day of the week and same
hour of the day that the accident occurred. This requirement was subse-
quently relaxed for two reasons. First, the requirement resulted in
severe scheduling problems because many accidents occurred at the same time
of day when the involved parties wished to schedule the interview. Second,
_because it was necessary to conduct the on-site inspection several months
after the accident occurred, it was reasoned that the information about
the dynamic traffic environment (traffic speed and volume, for instance)
was of questionable validity even though it was obtained on the same day

of the week and hour of the day that fthe accident occurred.

The tasks performed during the on-site inspection are summarized

below and described in detail in Appendix A.

Photograph accident site. At least two photographs were'faken of the
accident site, one from the motorist's point of regard and one from the
bicyclist's point of regard. The photographs were taken along the vehicles'
pre-crash paths at a point /125 feet from +he collision point. Other photo-
graphs were taken as required to depict the relevant features of fhe acci-

dent location.

Draw scale diagram of aceident site. Preliminary testing revealed
that accident victims experienced great difficulty in describing accurately
tThe circumstances surrounding the accident and the location at which key
events occurred. This difficulty stemmed principally from a lack of ability
to make absolute distance judgments. Young operators and mény adul T

operators apparently have not developed the ability to assess distances in
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terms of standard units of measurement. I+ was found that distance judg-
ments are more accurately made in terms of the dimensions of common '
physical objects, such as car lengths, city blocks, bicycle lengths, and
so on. Buf, it was found that the most accurate judgments about the loca-
Tion of events were made by describing the location of a point relative to
two or more physical landmarks, such as driveways, ftraffic signs, houses,

trees, telephone poles, and so on.

In an attempt to obtain more detailed and accurate information about
fhe accident, informal experiments were conducted with various types of
visual aids that would help the interviewee describe his pre-crash actions
and the location of key events along his pre-crash course. It was found
that the best ftechnique--short of conducting the interview at the accident
site--was to center the discussion around a detailed plan-view diagram of
the accident site that was drawn to exact scale. For this reason, the Fieid
Investigators were required to prepare a detailed scale-drawing of fhe

site of each accident.

The diagram was drawn on the reverse side of the Descriptive Data
Form (see Appendix B) at a scale of one inch equals 20 feet. The Deseriptive
Data Form was printed onto a single sheet 22" wide and 17" high, so an area

340 by 440 feet was depicted on the diagram.?®

The Field Investigator made measurements as required to portray all
relevant environmental features to scale and in their proper relative posi-
tion. The diagram included roadways, sidewalks, driveways, roadway markings,
regulatory signs, directional signs, traffic signals, and other roadside
furniture. |In addition, the Field Investigators were instructed to depict
other roadside features that they believed may have influenced the operator's
behavior at some point along the pre-crash path, and the features that
could serve as landmarks in locating the point at which critical pre-crash

events occurred. They were instructed to be particularly alert to objects

For ease in binding, the specimen of the Descriptive Data Form shown in
Appendix B has been cut in four sections. Thus, the grid side of the form
on which the accident diagram was drawn appears on four separate pages.
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that may have obstructed the operator's vision and objects that could have
acted as a distractor for one or both operators. The coding symbols used

in drawing the accident diagram are shown in Appendix B.

Encode roadway data. After the accident diagram was completed, the
Field Investigator encoded the characteristics of the roadway (or roadways)
the vehicles were traveling just prior to the collision. The -specific data

items recorded are shown in Item 12 of the Descriptive Data Form (Appendix B).

Assess land use in accident area. To obtain a more accurate descrip-
tion of the characteristics of the area in which the accident occurred, the
Field Investigator was required to estimate the proportion of the "general
area" (area within one-half mile radius of the collision point) and the
"proximal area'" (area within 300 feet radius of the collfsion point) that
was allocated to the land~use categories |isted below.

B | ow~income residential
single-family
multi-family

® Medium-income residential
single-family
multi=-family

® Upper-income residential
single-family
multi-family

® Business/commercial (retail stores and service establishments open
to the public)

® [ndustrial (manufacturing and service establishments not generally
open to the public)

® Recreation (parks and other non-business recreational areas)

® School (public or private educational instiftutions)

m Agriculture/other open (vacant lots/agreages not specifically
developed for public use or residential areas where housing plots
are one acre or more)

Measure operating speed and traffic volume. The Field lnvestigator
measured operating speed and traffic volume for the roadways the operators
were traveling prior to the accident. The method used to measure operating
speed and traffic volume is described in the Field Investigator's Instruction

Manual (Appendix A), and the forms that were used are shown in Appendix B.
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OPERATOR AND WITNESS INTERVIEWS

The operator interviews are clearly the heart of this study because
the operator has far greater knowledge about the accident-generation process
than even the most observant and objective witness. An alert witness may
be able to describe the pre-crash course of both vehicles, and may be able
To provide a reasonably accurate account of the operators! actions prior fo
the crash. But, except in rare cases, only the operator is capable of
providing a comprehensive description of his actions and thoughts prior fo
the crash and thereby provide insight about why he behaved the way he did.
Using the concepts developed in Section |, a witness may be able to
de;cribe the critical actions and the function failures of the operators,
but only the operators themselves are capable of identifying the predis-

posing factors that contributed fo the function failures.

Despite the obvious importance of the operator interviews, it was not
possible fo limit the sample to cases in which both parties were available
and willing to grant an interview. Limiting the sample to accident cases
in which an inferview with both operators was possible would have eliminated
all fatal accident cases from consideration and would probably have produced
a biased sample of serious-injury accidents as well. That is, since refusal
rate was almost certain to be positively related to the seriousness of the
accident, it appeared probable that the chances of completing a successful
interview with both victims would be considerably less for serious-injury
accident cases. (This prediction was verified by the results of this study.)
Thus, although the Field lnvestigators made every attempt to interview both
the motorist and the bicyclist, there were many cases in which only one of

the operators could be located and interviewed.

Ordinarily, witness interviews were conducted when only one of the
operators could be interviewed. These interviews were conducted in an
attempt to supply information about the actions of the missing operator.
In a few instances, witness inferviews were conducted in an attempt to

resolve conflicting testimony by fthe motorist and the bicyclist.
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The following paragraphs describe the procedures and instruments used
in intferviewing the bicyclists, motorists, and witnesses. This description
Is highly abbreviated. Readers who are interested in gaining a more de-
tailed understanding of the procedures and instruments should review the
Field Investigator's Instruction Manual (Appendix A) and the specimens of

questionnaires and other materials shown in Appendix B.

Time and Place of Interviews

The time required to compliete an operator interview varied from 90 to
150 minutes; the witness interviews were usually completed in 30 minutes or
less. The interviews were conducted from two to six months after the date
of the accident. In about 90% of the cases, the interviews were conducted

within four months of the date of the accident.

The operator interviews were ordinarily conducted in the operator's
home, although a few operators preferred to be interviewed at their place
of employment. One or both parents were sometimes present during inter-
views with very young bicyclists. Otherwise, the Field Investigator

requested that only the operator be present during the interview.

Bicyclist Interviews

Background data items. The questionnaire was designed so that the
least Threatening questions were asked during the initial part of the
intferview. Accordingly, the first four pages of the Bicyelist Interview
Form (Appendix B, page 72) contain a number of general background items
that do not deal specifically with the operator's behavior at the time of
the accident. For the most part, these are straightforward, highly
structured questions that can be answered quickly and easily by the opera-
tor. The information that was obtained from the background data items is
outlined below. The coding categories used to encode the response to each
item are shown in Appendix E (Volume 3).

® Pre-crash riding experience
® Bicycle usage
@ Formalized training in motor-vehicle operation
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Formalized training in bicycle operation

Familiarity with accident vehicle (bicycle)

Trip characteristics and route selection

Familiarity with accident site

Characteristics of bicycle

Bicyclist's body dimensions

Operator's judgment about contribution of vehicle defects and
missing equipment

Traffic citations received during past 24 months

Prior involvement in bicycle/motor-vehicle accidents (past 24 months)

Prior exposure fo bicycle laws and ordinances

Vehicle operator's license

Impairments at time of accident

Physical condition at time of accident

Injuries (four most serious)

Consequences of injury

Detailed discusstion of the aceident. The remainder of the interview
was devoted to a detailed discussion of the accident. The purpose of this
discussion was to obtain information needed fto identify the function
failures that precipitated the accident and to define the factors and

events that were causally related to the function failure.

Field Investigators were trained to follow a highly sftructured step-
by-step interview procedure that was designed to reconstruct the accident-
generation process in a systematic and unobtrusive fashion. The procedure
was designed to define the pre-crash path of both vehicles and the location--
along the vehicles' pre-crash paths--of five key anchor points: collision
point, point of first evasive action, point of first alarm, point of first
detection, and point first observable. The vehicles' pre-crash paths and
The anchor points were drawn onto the accident diagrams as the operators
defined their locations. Having defined the locations of the anchor points,
the operators were questioned systematically about the conditions that
prevailed and the events that occurred during the intervals between the

anchor points.

An abbreviated description of the procedural "steps" is presented
below. The specific questions and data items are shown on the Bicyclist
Interview Form (Appendix B). A detailed description of the infterview
procedure is presented in Appendix A; Appendix B contains specimens of the

various checklists and rating instruments used during the interview.
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Explain diagram and symbols.

ldentify changes in site characteristics and modify diagram.

Explain purpose of accident diagram and associated discussion.

Determine if bicyclist was riding alone when the accident occurred.

Define collision point.

Obtain bicyclist's estimate of speed (both vehicles) at collision
point.

Define attitude of vehicles on impact.

Define point of impact (both vehicles).

Obtain bicyclist's assessment of type and extent of damage to
bicycle.

Define post-crash position of vehicles and bicyclist, and the path
traveled between the collision point and the at-rest position.

Draw exact path of both vehicles from edge of diagram to collision
point.

Define point of first alarm,

Define type and location of other vehicles, pedestrians, and animals
in the vicinity at the point of first alarm.

Obtain bicyclist's estimate of speed (both vehicies) at point of
first alarm.

Define stimuli that generated first alarm, and bicyclist's conclu-
sions about accident !ikelihood and requirement for evasive
action (at point of first alarm).

Define point of first evasive action by bicyclist, and identify
specific action taken.

Obtain bicyclist's estimate of speed (both vehicles) at point of
first evasive action (by bicyclist).

Obtain bicyclist's assessment of effectiveness of his first evasive
action.

Identify subsequent evasive actions by bicyclist, and obtain
bicyclist's assessment of the effectiveness of each action
identified.

Define point of first evasive action by motorist, and identify
specific action taken.

Obtain bicyclist's assessment of effectiveness of motorist's first
‘evasive agtion.

Identify subsequent evasive actions by motorist, and obtain
bicyclist's. assessment of the effectiveness of each action.

Define point of first detection.

Obtain bicyclist's estimate of speed (both vehicles) at the point
of first detection.

Define reason(s) why bicyclist first detected the presence of the
motor vehicle. '

Define point of assumed/actual first detection by motorist, and
explain reason(s) for invalid assumption (if any).

ldentify type and location of object(s) obstructing vision (between
point of first detection and point of first alarm).

Define visibility of motor vehicle between point of first defecflon
and point of first alarm.
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m Define direction and object(s) of scan between point of first
detection and point of first alarm.

® Define non-visual distractor(s) present between point of first
detection and point of first alarm.

® |dentify point along path where bicyclist first observed (but did
not recognize) cues to hazard, and identify cues observed.

B |dentify point where motor vehicle could have first been observed
by the bicyclist (point first observable).

® Obtain bicyclist's estimate of speed (own vehicle) at point where
other vehicle first observable.

® |dentify type and location of object(s) obstructing vision (between
point first observable and point of first detection).

® Define visibility of motor vehicle between point first observable
and point of first detection.

® Define direction and object(s) of scan between point motor vehicle
first observable and point of first detection.

B Define non-visual distractor(s) present between point first
observable and point of first detection.

® Define type and location of object(s) obstructing vision prior tfo
point first observable. :

® Define visibility of accident area prior to point first observable.

® Define direction and object(s) of scan prior to point first
observable.

® Define non-visual distractor(s) present prior to point first
observable.

® Fvaluate bicyclist's intended course through the accident area, and
identify reason(s) for (suboptimal) course selection.

® Obtain rating of bicyclist's perception of riskiness of composite
traffic situation.

® Request bicyclist to define the situational factors he considered
in rating risk perception.

®m Obtain rating of bicyclist's willingness to take risks in traffic.

® Obtain bicyclist's assessment of the factors that caused or con-
Tributed to the accident.

m Define signal state for accidents that occurred at signalized
intersections.

Motorist Interview

The procedures and instruments developed for the motorist infterview
were nearly identical to those developed for the bicyclist interview. With
only four exceptions, every item appearing on the Bicyclist Interview Form
has a parallel item on the Motorist Interview Form. Items 5, 6, 8, and 15

on the Bicyclist Interview Form were not relevant for the motorist interview.
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The procedural steps and data items used in reconstructing the acci-
dent-generation process were exactly the same for the bicyclist and motorist
inferview. Moreover, corresponding forms of checklists and rating instru-
ments were used for the motorist interview. Specimens of the checklists

and rating instruments are contained in Appendix B.

Witness Interview

Since the purpose of the witness interviews was to supply missing
information or to resolve conflicting testimony, it was not possiblie to
develop a highly structured interview procedure that would be applicable
to all accident cases. The Witness Interview Form (Appendix B, page 94)
contains a set of questions that were always asked during the witness inter-
view, but most of the germane information came from an unstructured discus-
sion directed foward resoliving specific uncertainties about an accident
case. MWitness inferviews were conducted by telephone when it was possible
to do so. When witnesses could not be contacted by phone or when the
issues were too complex To‘resolve in a telephone conversation, the Field

Investigator conducted face-to-face interviews at the witnesses' homes.

FIELD INVESTIGATOR'S ASSESSMENT OF ACCIDENT CAUSATION

After completing the interviews, the Field Investigator reviewed the
composite data compiled for an accident case and identified the factors
Jjudged to be causally related to the accident. On a special form provided
for this purpose (see Appendix B, page 132), the Field lnvestigator wrote a
short description of the contributing behavior of the motorist and the
bicyclist and, if relevant, described operator interactions that contributed
to the accident. The Field Investigator also wrote a description of any
vehicular or environmental factors that were judged to be causally related

to the accident.

DATA PROCESSING AND ANALYSIS

Described below are the tasks that were performed once the investiga-

tion of a case was completed and the data package sent to the home office.
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DATA VERIFICATION AND ENCODEMENT

Immediately upon their arrival at the home office, the data packages
were cleaned and verified by the Principal Investigator and his staff. A
data analyst made a thorough check of each data package to ensure that all
data forms had been comblefed, that the data had been properly coded, and
that all coding symbols were clearly legible. Response categories were
developed for items not coded by the Field Investigator and the response
codes were entered on the data forms. The Principal Investigator checked
each data package for complete information and for internal consistency.
The data were then punched onto IBM cards, verified, and entered into a

computerized data file.

POST-INTERVIEW EVALUATION

The main purpose of the post-interview evaluation was 1o make a final
judgment about the function failures of each vehicle~operator unit and the
factors that were causally related to the function failures. Additional
tasks performed during the post-interview evaluation included: an assess-
ment of the culpability of each operator, development of a coded description
of the traffic context and the proximal behavior of each operator, and an

assessment of whether the accident area was urban or rural in character.

The post-interview evaluation for every case was performed by the
Principal Investigator in accordance with a highly structured set of rules
and guidelines. A detailed description of the post-interview evaluation

procedures, rules, and guidelines is presented in Volume 2 (Appendix C).

ACCIDENT CLASSIFICATION PROCEDURE

The ultimate objective of the accident classification procedure was
to classify the sample of accident cases into mutually exclusive problem
types. The classification procedure that was employed is illustrated
schematically in Figure 4 and is described below. The "feedback loops"
shown in Figure 4 illustrate that the classification tasks were performed

in an iterative manner. That is, insights gained from performing the
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later tasks often led to a modification of the classification categories

defined duringlan earlier task.

STEP ONE

CLASSIFICATION BY
=== =»={ CRITICAL ACTIONS AND
A TARGET LOCATION

STEP TWO

CLASSIFICATION BY

STEP THREE

'
|
|
!
!
!
| F . ’

CLASSIFICATION BY
 piadadadad o0 CAUSAL FACTORS
|
]

i
|
|
L}
1

STEP FOUR

COMBINE FUNCTIONALLY
SIMILAR SUBSETS

STEP FIVE

DEFINITION OF PROBLEM
CLASSES, TYPES, AND
SUBTYPES

Figure 4. Task-flow diagram of accident classifi-
cation procedure.
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Before discussing the classification procedure, the main classifica=-
tion variables will be reviewed briefly. A more detailed discussion of
these variables was presented earlier (see Section {1).

® CRITICAL ACTIONS--The vehicles' actions and movement patterns that
lead directly to an accident.

® TRAFFIC CONTEXT--The physical and operational environment in which
the accident occurs. The traffic context defines the '"target
location" for a probiem type.

W FUNCTION FAILURES--The functions, as defined by the Behavioral
Sequence Model, that are performed inadequately or not at all.

W CAUSAL FACTORS--The operator factors, vehicle factors, and environ-
mental factors that are causally related to function failures. As
the term is used here, causal factors are predisposing rather than
precipitating.

® OPERATOR CHARACTERISTICS--The attributes of human operators that
have important implications for countermeasures development and
implementation. A distinct target group exists when it is found
that the characteristics of the operators involved in a given type
of accident are more homogeneous than the characteristics of the
accident population as a whole.

Classification by Traffic Context and Critical Actions

The first task was to subdivide the total sample of cases into
mutual ly exclusive groups such that cases within the .same group were
similar with respect to the ftraffic context in which the accident occurred
and the critical actions that led direcflyvfo the crash. Traffic context
and critical actions were selected as the initial classification variables
because it was observed that accidents which are similar with respect to
both the traffic context and the critical actions also tend to be similar
with respect fo the other classification variables (function failures,

causal factors, and operator characteristics).

It is important to emphasize that the use of fraffic context and
critical actions as the iniftial classification variables does not mean
that these variables are considered more important or are weighted more
heavily than the others. Conversely, the accidents were initially classi-

fied by traffic context and critical actions only because this procedure
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served to structure the sample of cases (albeit crudely) in terms of

function failures, causal factors, and operator characteristics.

Classification by Function Failure

The next step in the procedure was to subdivide the cases within
each group into mutually exclusive sets based upon the type of function
failure that led to the critical actions. Although the function failures
of both operator-vehicle units were considered, +he cases were usually
grouped in fterms of the function failure of the culpable vehicle-operator
unit. Therefore, cases were classified into the same set only if they were
similar with respect to all of the following attributes:

B The traffic context in which the accident occurred,
® The critical actions of both vehicles, and
® The function failure of the culpable vehicle-operator unit.

- Classification by Causal Factors

The third step was to subdivide the sets into mutually exclusive
subsets based on the pattern of causal factors that contributed to the
function failure. The factors leading to the function failure of the
culpable vehicle-operator unit were always considered when subdividing
the sets; in some instances, the cases wére further subdivided in terms
of the factors that led to the function failure of the non-culpable

vehicle-operator unit.

This procedural step was more difficult to accomplish than the
first two because of the difficulty in identifying the full complement of
causal factors. Even under the best of circumstances, it is difficult
to ferret out all of the factors that contributed to a function failure.
The task was made even more difficult when it was not possible to interview
one of the operators, when one of the operators was very young (the
bicyclist), or when one or both operators were highly defensive about his
or her role in the accident. So, it must be emphasized that the classifi-

cation performed in Step Three was based on known factors.
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When the factors contributing to the function failure could not be
identified with a reasonable degree of confidence, the case was classified
into an "unknown" subset. Otherwise, cases classified into the same subset
were similar with respect to:

m The traffic context in which the accident occurred,

8 The critical actions of both vehicles,

8 The function failure of the culpable vehicle-operator unit, and

® The pattern of causal factors that contributed to the function
failure of the culpable vehicle-operator unit or, in some cases,
both vehicle-operator units.

Functional Grouping of Subsets

Accidents that involve a similar farget group and that are amenable
to the same specific countermeasures can be considered functionally the
same even though the accidents may not be identical in every respect.
Thus, The purpose of the fourth step was to examine the similarifties and
differences among subsets and to group together those that were functionally

similar.

The relevancy of the similarities and differences among subsets was
evaluated for engineering countermeasures (environmental and vehicular
modifications), educational countermeasures (knowledge enhancement, skill
enhancement, and attitude modification), and enforcement countermeasures
(1aw generation/modification, enforcement, and adjudication/sanctioning).
Subsets were assumed to be amenable to the same specific countermeasures
when the specific countermeasures objective of each subset was the same
and when there were no important differences among the subpopulations of
operators. Judgments about the amenability of subsets to the same counter-
measures were made without regard to the avallability of a known technique

for achieving the specific countermeasures objective.

The fundamental grouping of subsets was complicated by the fact that
a subset often had two or more promising solutions. That is, a subset
might have an engineering solution, an educational solution, and an
enforcement solution; or the subset might have two or more entirely

different solutions of the same class, such as two or more educational
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solutions. When comparing two subsets, each with more than one solution,
it was frequenfly‘found that the subsets had one common solution but seldom
more than one. For instance, two subsets may be amenable to the same
specific educational solution but would require altogether different
engineering solutions. The implication of this finding is that there is

no single functional grouping that is optimal for engineering counter-

measures, educational countermeasures, and enforcement countermeasures.

Definition of Problem Classes, Types, and Subtypes

“ldeally, study of the accident cases judged to be functionally the
same would enable one to formulate a definition of an "average case" that
embodies all of the germane attributes of every case in the functional
group. Although the cases may differ in many respects, the differences
would be irrelevant for countermeasures identification and assessmen#!
The description of the "average case'" would serve to define a problem

type.

In reality, it is impossible to define an acceptably small number
of pure problem types because of the complication described above. Using
subsets of cases (as defined in Step Three) as the basis for defining
problem types would result in an excessive number of problem types. Using
functionally similar subsets as the basis for defining problem types would
result in an acceptably small number of types, but the types would be less
pure because the cases in the same functional group may differ in attributes
that are important for countermeasures identification and assessment. For
example, the differences among cases may be irrelevant when considering
educational countermeasures, but may be critically important when consider=-

ing engineering or enforcement countermeasures.

I+ was concluded that the only meaningful solution to this problem
was to develop a hierarchical system that is composed of problem classes,
types, and subtypes. Problem classes reflect commonality at the most
general level. Although accidents of the same class are similar with

respect to some of their attributes, they may differ in ways that have
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important implications for countermeasures identification. Problem types
represent variations of accidents of the same class, and subtypes represent
variations of accidents of the same type. The system was developed so that
the problem types generally provide the most useful definition of a problem
for which specific countermeasures can be tailored. In some cases, however,
an entire class or a specific subtype may best serve as a problem defini-

Tion for the identification of some types of countermeasures.

The classification system finally decided upon is defined and dis-
cussed in considerable detail in Section V of this report. Some readers
undoubtedly will find that a different ordering of subtypes would have
suited their purpose better. Hopefully, the data are presented in
sufficient detail To enable the infterested reader to reorder the subtypes
and to estimate the frequency of occurrence of new "problems" defined in

this way.

DATA ANALYSIS

Data were tabulated and analyzed for selected data items from the
Descriptive Data Form, the Bicyclist Interview Form, the Motorist Inter~
view Form, and the Refusal Form. Data were analyzed for the pooled sample
and by accident class, type, and subtype. The general objectives of the
analyses are listed below.

® tvaluate the representativeness of the sample of accidents compiled
during the study.

m Describe the important characteristics of the sample of operators,
Their vehicles, the accident location, and the accident consequences.

® Determine the relative frequency of occurrence for the various
problem classes, types, and subtypes.

® Determine if urban accidents differ in type and/or relative
frequency from rura! accidents.

®m Determine if there are probiem classes, types, or subtypes that
account for a disproportionate number of fatal injuries.
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COUNTERMEASURES IDENTIFICATION

An attempt was made to compile an exhaustive inventory of counter-
measures for each problem type and to identify for each type the
countermeasures that appeared most promising. This was a highly judgmental
task that was performed within the constraints of existing information
about potfential countermeasure approaches and their relative effectiveness.

The general categories of countermeasures that were considered include

education, enforcement, and engineering.
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SECTION IV
RESULTS OF DESCRIPTIVE ANALYSIS

This secfibn presents the major findings of the analysis of the
descriptive data compiled during the course of this study. Separate
subsections are devoted to the description and discussion of the size and
composition of the sample, the characteristics of fthe operators, the
characteristics of the accident vehicles, the characteristics of the trip
the operators were on when the accident occurred, the characteristics of
the accident site, the consequences of the accident, and the accident
causes. The data presentation is preceded by a brief description of the
manner in which projections of the population parameters may be made from

the reported percentage values.

Throughout this section, the descriptive data that were compiled in
this study have been compared with similar data from other studies reported
in the literature. |In some instances, the purpose of the comparison is
to determine whether the operators in the accident sample differ in any
important respects from the general population of operators. In most
instances, however, the purpose of the comparison is to determine whether
the sample of accident cases selected for this study is reasonably
representative of the bicycle/motor-vehicle accidents that occur through-
out the United States.

CONFIDENCE INTERVALS

Each of the percentage values reported in this section can be taken
To represent an esfima#e of a population parameter. Since all such
sTéTisTics are subject to sampling error, it is necessary to consider the
size of the sampling error when making inferences about the population
from which the survey sample was drawn. Computation of confidence intervals

based on the standard error of a measurement is probably the most common
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and meaningful technique used to assess the reliability of a sample
statistic. The computation of the standard error® of a percentage value

is a relatively easy task, but it is not practical to report and discuss
confidence intervals for each of the hundreds of percentage values presented
in this report. It is, however, recognized that readers may wish to know
the confidence intervals for certain percentage values that are of particu-
lar interest to them. Therefore, Figure 5 was prepared to provide a quick
approximation of the size of the confidence inférval for most percentage

values contained in the data presentation.

8 N=166

VALUE OF 95% CONFIDENCE LEVEL
(PERCENTAGE POQINTS)

| | {
0 10 20 30 40 50
REPORTED PERCENTAGE VALUE (P)

Figure 5. Value of 95% confidence interval for reported percentage
values (P) as a function of sample size (N).

*The accepted formula for the standard error of a percentage is vPQ/N,
where P is the percentage of interest, Q = 100-P, and N is the number

of cases on which P and Q are based. The 95% and 99% confidence intervals
are represented by P+1.960 and P+2.580, respectively, where o is the
standard error of P. :
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Figure 5 shows the 95% confidence interval for a percentage value as
a function of the four most common base N's on which the reported percent-
ages are based--the number of fatal cases (N = 166), the number of non-
fatal cases (N = 753), the number of motorists interviewed (N = 385), and
the number of bicyclists interviewed (N = 525). Thus, the 95% confidence
~ interval can be determined by reading the ordinate value corresponding to
the intercept of the appropriate plotted curve and a vertical l|ine drawn
from the appropriate percentage value on the abscissa. For example, if
30% of the cases in a sample of 385 were reported for a category of interest
and the reader wished to know the confidence interval for that percentage,
it would be found by drawing a vertical line from a value of 30% on the
abscissa to the plotted curve labeled "N = 385." The ordinate value
corresponding to this- intercept is 4.6%, so the 95% confidence interval is
30% + 4.6%. ’

THE SAMPLE
TOTAL SAMPLE SIZE

The total number of fatal and non~fatal cases included in The sample

and the number of cases drawn from each sampling area are shown in Table 2.

TABLE 2 I't can be seen that a total of
NUMBER OF ACCIDENT CASES DRAWN 753 non-fatal cases and 166 fatal
FROM EACH SAMPLING AREA cases were investigated, and that
SAMPLING FATAL NON-FATAL the non-fatal cases were drawn

AREA N % N % from each of the four sampling

areas in approximately equal

CALIFORNIA 77 46.4 177 23.5
numbers.

COLORADO 2 1.2 ) 178 23.8

Oniy 55 fatal accidents
occurred within the primary

MICHIGAN!? 22 13.3 | 166 22.1 sampling areas and all of these

FLORIDA 65 39.2 | 232 30.8

TOTAL 166 100 | 753 100 cases were included in the sample.

To increase the size of the fatal
includes one fatal case and 27 non-

fatal cases investigated in Maryland. S3mP!e, accident reports were
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obtained for all the fatal accidents that occurred during calendar year
1975 throughout the entire States of Florida and California. Thus, the
fatal cases for Colorado and Michigan include only the accidents that
occurred within the sampling area, whereas the fatal cases for California
and Florida include the accidents that occurred throughout the entire

state.

NUMBER OF INTERVIEWS COMPLETED
Non-Fatal Cases

It will be recalled that a non-fatal accident case was included in
the sample only if at least one of the operators agreed to be interviewed.
For this reason, at least one operator interview was completed for all 753
non-fatal cases. Table 3 shows the relative proportions (for the non-fatal
sampie) of all motorists and bicyclists who were interviewed, who refused
to be interviewed, and who were not contacted by the Field Investigator.

It can be seen that about 70% of the bicyclists and 51% of the motorists
were interviewed. The difference in the relative proportions of bicyclists
and motorists interviewed was due to a higher incidence of refusals by
motorists (18.9% vs. 9.6%) and greater difficulty in establishing contact

with motorists than bicyclists (30% vs. 20.7%).7

TABLE 3

NUMBER OF OPERATCRS WHO WERE CONTACTED AND
WHO AGREED/REFUSED TO BE INTERVIEWED

BICYCLIST MOTORIST
N % N %
OPERATOR INTERVIEWED | 525 49.7 | 385 51.1
CONTACTED REFUSED
INTERVIEW 72 9.6 | 142 18.9
OPERATOR NOT CONTACTED 156 20.7 | 226 30.0

"The refusal rate--the proportion of operators contacted who refused to be
interviewed--was 12.1% for the bicyclists and 26.9% for the motorists.
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Failure to contact the involved operator was usually because the
Field Investigator was unable to obtain a current address or phone number
for the operator. In some cases, however, the operator's residence was
located so far outside the sampling area that no attempt was made to
arrange an interview. The distant location of the motorists' residences
is The main reason for the difference in the number of motorists and

bicyclists who were contacted.

About five percent of the bicyclist refusals was because the bicyclist
had not yet recovered sufficiently from severe injuries sustained in the
accident. About 12% of both the bicyclists and motorists who refused the
interview were advised to do so by their legal counsel because of pending
litigation. The remaining bicyclists and motorists who refused the inter-
view did so because of scheduling difficulties or because they simply did

not wish to be inconvenienced.

Operators who refused the interview were compared with the other
operators in the sample8 in terms of their age, sex, and culpability. The
differences revealed by the comparison are summarized below.

®m Bicyclists who refused the interview tended to be younger than the
other bicyclists in the sample, but the difference in the median
age for the two groups was only .7 year.

B The motorists who refused the interview were slightty older than
the other motorists in the sample. The difference in the median
age for the ftwo groups was 3.7 years.

m Significantly more female motorists than male motorists refused
to be interviewed (x% = 6.72, p <.01). Forty-five percent of the
motorists who refused the interview were females, while only 33%
of the other motorists in the sample were female. Female bicyclists,
however, were no more likely to refuse the interview than were
male bicyclists.

B Significantly more culpable bicyclists than non-culpable bicyclists
refused fo be interviewed (x* = 7.30, p <.01). Eighty-five percent
of the bicyclists who refused the interview were judged culpabile,

8The operators who were not contacted did not differ in any important
respect from those who were contacted and agreed to be interviewed. For
this reason, the two groups were combined for comparison with operators
who refused to be interviewed.
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while only 78% of the other bicyclists were judged culpable.
Surprisingly, it was found that culpable motorists refused to be
interviewed no more frequently than non-culpable motorists.

When only one operator could be interviewed, an attempt was made to
interview persons who witnessed the accident. One or more witnesses were
interviewed for 131 of the non-fatal cases. This number does not include
eight cases in which infterviews were conducted with the parents of a young

bicyclist.

Fatal Cases

For all fatal cases that occurred within the sampling areas (N = 55),
the Field Investigators were instructed to attempt to arrange an interview
with the motorist, the parents of the deceased bicyclist, and persons who
witnessed the accident. The Field Investigators were uniformly unsuccessful
in Their attempts to interview any of the parties to the fatal dccidents.
Complete face-to-face interviews were conducted with only two motorists,
ten witnesses, and the parents of five deceased bicyclists. Most of the
parties to fatal accidents refused the interview because they did not wish
To resurrect the memory of an exfremely traumatic experience. The
motorists' retuctance to be interviewed was further compounded by the fact

that litigation was pending in about one-third of the fatal accident cases.

Fortunately, the lack of interview data for fatal cases was partially
offset by the increased amount of information contained in the official
traffic accident report. With only a few exceptions, the traffic accident
reports for fatal cases were far more detailed and precise than the reports
for non-fatal cases. The information contained in the official report was
nearly always detailed enough to enable an assessment to be made of the
function failure that precipitated the accident. |In some cases, the
official report contained information about the factors that contributed to

the function failures.

For all practical purposes, tThe information compiled for fatal cases

was [imited to that available on the traffic accident report (166 cases) and
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that obtained from site investigation for the 55 cases which occurred

within the sampling areas.

THE OPERATORS

The data presented in this subsection serve to describe the charac-
teristics of the vehicle operators--the bicyclists and the motorists. The
operator characteristics discussed below include: age, sex, driving
experience, familiarity with the vehicle, familiarity with the accident

site, and physical and mental condition at the time of the accident.

OPERATORS' AGE
Bicyclists' Age

The age distributions of the fatally injured and non-fatally injured
bicyclists in the study sample are shown in Figure 6. I should be noted
that accident frequency is plotted for two-year age intervals. Thus, the
first point represents the percentage of bicyclists in the sample whose age
was four or five; the second‘poinf represents the percentage of bicyclists
whose age was six or seven; and so on. Beginning at age four, accident
frequency rises steadily to the age of 12 and remains at this high level
through the age of 15. Thereafter, accident frequency declines dramatically
and remains at a relatively low and constant level for ages beyond 30

years.

The general shape of the curves for fatal and non-fatal accidents is
similar, but fatal accidents are more frequent among the very young and
the very old bicyclists. About 4.5% of the fatal cases involved a bicyclist
younger than six vears of age, while only two percent of the non-fatal
cases involved a bicyclist younger than six years. Similarly, it can be
seen that 18.2% of the fatal cases involved a bicyclist older than 35 years
" of age, while only 4.2% of the non-fatal cases involved a bicyclist older
than 35 years. Although not shown in Figure 6, over ten percent of the
fatalities involved a bicyclist older than 55 years, and three percent

involved a bicyclist older than 75 years of age.
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Figure 6. Bicyclist age distributions for fatal and non-fatal accident
cases in the study sample.

Each year, the National Safety Council reports the age distribution
of a nationwide sample of bicyclists who were involved in a bicycle/motor-
vehicle accident during the preceding year. Comparison of the age dis-
tribution of the bicyclists in the study sample with the bicyclist age
distribution reported by the National Safety Council {(for the same calendar
year) provides an indication of the representativeness of the study sample.
Figure 7 shows the bicyclist age distribution for the study sample and
for the National Safety Council's sample of bicycle/motor-vehicle accidents
that occurred during calendar year 1975 (National Safety Council, 1976).

It can be seen that The same general trend is exhibited by both distribu-
tions and that the percentage values for most age intervals are similar:

None of the differences between percentage values for the fatal cases
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2 75 > 75 *Proportions are significantly
differenE (p siO]) 1 |

[C__]NATIONAL SAFETY COUNCIL STUDY SAMPLE

Figure 7. Age distribution of bicyclists in the study sample compared with
the bicyclist age distribution reported by the National Safety Council.

proved to be statistically significant,® while the differences for the
first five age intervals (+hrough age 64) were statistically different for
the non-fatal accidents. The largest bias in the study sample was an
underrepresentation of bicyclists in the five to 14 year age group and an
overrepresentation of bicyclists in the 15 fo 24 year age group. The mosT
probable explanation for these differences is that the study sample con-

tained a proportionately greater number of rural accidents than did the

%The following formula was used to assess the significance of differences
between proportions (Guilford, 1965).

Z= D1D

- = (N]+N2)
peqe N1No
where: Ee = N;p1+Napo
Ni+N2
9e = 1_pe

N; = Total N on which p1 is based
Total N on which p, is based

Z
N
1]
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National Safety Council sample; rural accidents involve more older riders
(on the average) than urban accidents. While there is a statistically
reliable bias in the ages of the bicyclists in the study samplie, the
magnitude of the bias is not large enough to invalidate the results of
this study. The bias will result in a.slight underestimation of relative
frequency of problem types that typically involve juvenile riders and an
overestimation of the frequency of problem types that typically involve
young adults. However, the bias should add less than one percent to the

error of estimates for a given problem type.

It is of interest to note that the age distributions shown in Figure
7 are quite similar to the age distributions shown in a number of other:
accident studies, including studies by: the Aufomobile Association (1972),
the California Highway Patrol (1974), the Virginia Department of Highways
(1974), Walsh and Watt (1974), and the Washington State Patrol (1973).

The age distribution of bicyclists in an accident sample is most
meaningfully evaluated in terms of the relative exposure for each age
bgroup. Although exposure data are not available that take into account
the combined frequency and amount of bicycle usage for each age group,
Barton Aschman and Associates conducted statewide household surveys fo
assess the relative proportion of persons within each age group who rode

a bicycle at least once during the year preceding the interview. Separate
surVeys were conducted for the State of Tennessee (Barton Aschman, 1974)
and the State of Pennsylvania (Barfon Aschman, 1975). The age distribu-
tions revealed by these surveys are shown in Table 4, along with corre-
sponding age distributions for the fatally-injured and non-fatally-injured
bicyclists in the study sample. Also shown in Table 4 is the age distribu-
tion for the combined samples obtained in the States of Tennessee and

Pennsylvania.

An analysis was performed to determine whether the age distribution
for either the fatal or non-fatal sampie differed significantly from the
age distribution of the user population--as measured by the combined sample

for Tennessee and Pennsylvania (see column five of Table 4). In columns one
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TABLE 4

COMPARISON OF AGE DISTRIBUTIONS FOR ACCIDENT SAMPLE
AND THE GENERAL BICYCLING POPULATION

ACCIDENT SAMPLE BICYCLE USERS!

BICYCLIST FATAL NON-FATAL{ TENNESSEE |PENNSYLVANIA| COMBINED?
AGE (N=166) (N=753) (N=3141) (N=6372) (N=9513)
<6 4.2% *2.0% 5.9% 4.5% 5.0%
6-11 20.6% *27.5% 25.9% 23.0% 24.0%
12-15 23.1% *37.1% 17.1% 19.0% 18.4%
16-19 16.9% 13.9% 11.5% 12.2% 12.0%
20-29 13.4% *12.2% 17.4% 15.8% 16.3%
30-44 *8.5% *3.8% 15.8% 16.7% 16.4%
45-59 5.4% *1.8% 6.3% 7.3% 7.0%
> 60 *7.9% 1.7% 1.2% 1.2% 1.2%

lUser data from household surveys completed by Barton-Aschman Associates,
Inc., for the Tennessee Departments of Conservation and Transportation
(Barton-Aschman, 1974) and the Pennsylvania Department of Transportation
(Barton-Aschman, 1975).

2 . = PiN, + PN,
Combined percentage N. F N,

*Proportion differs significantly from the proportion of users (combined
{ennessie and Pennsylvania samples) in the corresponding age group
p <.05).

(FATAL) and two (NON-FATAL), asterisks were placed beside the percentage
values that differed significantly from fthe corresponding percentage value

in column five (user population).

An examination of the data for the fatal sample shows that bicyclists
younger than 30 years of age and those between 45 and 59 years of age are
involved fn fatal accidents in about the same proportion as their numbers
in the user population. Bicyclists between 30 and 44 years of age are
involved in fata! accidents significantly less often than would be expected
from their numbers in the user population; bicyclists 60 years of age or

older are involved in fatal accidents significant!y more often than would
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be expected from the proportion of persons in this age group who ride
bicycles. Stated differently, these data suggest that the likelihood of
being killed in a bicycle/motor-vehicle accident is less for bicyclists in
the 30-44 age group, and greater for bicyclists who are 60 years old or

older.

Examine next the age distribution for the non-fatal sample. |1 can
be seen that bicyclists between six and 15 years of age are involved in
non-fatal accidents more often than would be expected from ftheir numbers;
bicyclists younger than six years of age and those between 20 and 59 years
of age are involved less often than would be expected from their numbers
in the user population. |t is of particular importance to note that:

m Accident involvement among 12-15 year old bicyclists is more than
twice as great as would be expected from the number of bicycle
users in this age group.

® Accident involvement of bicyclists between 30 and 59 years of age
is less than one-fourth of that expected from the number of
bicyclists in this age group.

Except for the youngest age group, conclusions about the |ikelihood
of accident involvement for different age groups would not be affected by
the biased age distribution for the non-fatal accident sample (see Figure
7). In fact, fthe frends shown in Table 4 would be ampltified by removing

the sampling bias.

Motorists' Age

The age distributions of motorists in the fatal and non-fatal samples
are shown in Figure 8. Also shown for comparison purposes is a) the age
distribution of motorists involved in all types of traffic accidents
(National Safety Council, 1976) and b) the proportion of all |icensed

drivers in the corresponding age group.

I+ can be seen that the age distribution of motorists involved in
bicycle/motor-vehicie accidents is highly similar fo the age distribution
of motor-vehicle operators involved in all types of traffic accidents.

Only two differences proved to be statistically significant. Motorists in
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The triangles (A) show the proportion of all licensed drivers in the corresponding age group.

Figure 8. Age distribution of motorists in the study sample compared with
the age distribution of motorists involved in all types of traffic acci-
dents (National Safety Council, 1976).

The 50 to 59 year age group are involved in fatal accidents more often than
would be expected from their numbers, and motorists in the 60-69 year age
group are involved in non-fatal accidents more often than would be expected
from their numbers. Aithough statistically significant, these differences
are not large enough to have important implications for countermeasures
development. Therefore, for all practical purposes, it can be assumed

that the age of motorists who are involved in bicycle/motor-vehicle acci-
dents is distributed the same as for motorists who are involved in all

other types of fraffic accidents.

OPERATORS' SEX

The vehicle operators in the study sample--both bicyclists and
motorists--were predominantly males. Figure 9 shows that male bicyclists
were involved in 71% of the non-fatal cases and 85% of the fatal cases;
male motorists were involved in 65% of the non-fatal cases and 72% of the

fatal cases. The percentage of male bicyclists ‘was significantly greater
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BICYCLISTS
MALES FEMALES
NON-FATAL CASES 71% 299,
(N = 753)
FATAL CASES [ 857 157 |
(N = 166)
MOTORISTS
MALES FEMALES
NON-FATAL CASES 659% 354
(N = 753)
FATAL CASES L 72% 28% |
(N = 166)

Figure 9. Distributions of males and females for fatal and non-fatal
cases.

NOTE: The National Safety Council reports that 83% of the drivers involved
in fatal accidents are males and that 71% of the drivers involved
in non-fatal accidents are males (National Safety Council, 1976).

(p <.01) for the fatal than the non-fatal sample, but the difference in the
percentage of male motorists for the fatal and non-fatal sampies was not

statistically significant.

An overrepresentation of male operaftors is not unique to bicycle/
motor-vehicle accidents. The National Safety Council reports that male
drivers are involved in 83% of all fatal and 71% of all non-fatal traffic
accidents (National Safety Council, 1976). It is probable that the over-
representation of male bicyclists is due in large part to differences in

exposure. On the averagé, male bicyclists ride more offen, take longer
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trips, and may tend to ride in more dangerous locations than female bicy-
clists. However, it is also probable that males and females behave
differently when riding a bicycle, and that these behavioral differences
have an important impact on the likelihood of involvement in a bicycle/
motor-vehicle accident. Unfortunately, the literature contains so little
data on the bicycle usage patterns of male and female bicyclists that it
is impossible to offer a reliable explanation for the overrepresentation

of males in bicycle/motor-vehicle accidents.

DRIVING/RIDING EXPERIENCE

During the interviews, the operators were asked to indicate the
number of years they had been driving/riding regularly prior tfo the time
the accident occurred. The main purpose of this subject of inquiry was
to identify novice motorists and bicyclists. Figure 10 shows the centiles
of the driving/riding-experience distributions for motorists and bicyclists.
While the overall range of experience was far greater for motorists than
for bicyclists, it can be seen that the sftudy sample contained more novice
motorists than novice bicyclists. Note that more than five percent of the
motorists in the sample had less than one year driving experience when the
accident occurred, while the riding experience of the fifth centile

bicyclists was about one and one-half years.

MOTORISTS

-

KEY

CENTILES
Sth 25th SOfn 7Sth 95cm

— L —

MEDIAN

BICYCLISTS

Figure 10. Distribution of driving/riding experience among motorists and
bicyclists in the study sample of non-fatal accidents.
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Although an operator may have learned to drive or ride many years
ago, it is possible that he drives or rides too infrequently to maintain
a reasonable level of vehicle-handling skills. To identify operators whose
vehicle-handling skills may have been deficient because of infrequent
vehicle usage, the operators were asked to indicate the number of hours
spent operating their vehicle during a typical week for the 12-month period
before the accident occurred. The distributions for motorists and bicy-
clists in the non-fatal study sample are shown in Figure 11. It wil} be
noted that the sample contained very few persons who operate a vehicle
only rarely. For example, even the fifth centile motorists and bicyclists

operate their vehicles 2.1 and 3.3 hours per week, respectively.

No data have been located that indicate the amount of driving/riding
experience that is required to acquire and maintain a reasonable level of
vehicle-handiing skills. However, it seems reasonabte fo assume that a
relatively high level of vehicle-hand!ling skills can be acquired by most
persons in about one year and that these skflls can be maintained by
operating a vehicle for one or two hours each week. If these conclusions
are valid, it can be concluded that few motorists and bicyclists in the
non-fatal study sample lacked basic vehicle-handling skills at the time

the accident occurred.

HOURS PER WEEK

10 20 30 40
1 1 1 1
MOTORIST .
DRIVING 1
BICYCLIST . - B o
RIDING 1 T

Figure 11. Distribution of hours spent driving/riding during a typical
week by motorists/bicyclists in the study sample of non-fatal accidents.
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FAMILIARITY WITH ACCIDENT VEHICLE

During the interview, bicyclists and motorists were asked fto indicate
the number of times they had ridden/driven the accident vehicle before the
day of the accident. Table 5 shows that about 75% of the bicyclists and
about 93% of the motorists had ridden/driven the accident vehicle at least
50 times before the accident occurred and were, therefore, thoroughly

familiar with that vehicle.

There is no information

TABLE 5 about the number of times an

DISTRIBUTION OF TIMES OPERATOR HAD .
DRIVEN/RIDDEN THE ACCIDENT VEHICLE operator must operate a vehicle

PRIOR TO THE DAY OF THE ACCIDENT before he becomes thoroughly

(NON-FATAL ACCIDENT SAMPLE)

familiar with it; but, even if

TIM%%A%%EEATED BICYCLIST MOTORIST | it is assumed that as many as
BEFCRE ACCIDENT N & N % 20 times are required, the data
0-4 40 7.5 10 2.6 | show that there was a relatively
5-9 15 2.9 3 8 | small number of operators who
10-19 29 5.6 6 1.6 | were riding/driving an unfamiliar
20-29 25 4.8 4 1.0 | vehicle at the time the accident
30-39 15 2.9 2 5 | occurred. |t can be seen that
40-49 9 1.7 3 8 | only about 16% of the bicyclists
2 50 392 74.7 | 357 92.7 | and five percent of the motor-
TOTAL 525 100 | 385 100 | 1STS had ridden/driven their

vehicle less than 20 times

before the day of the accident.

Each operator was asked whether lack of familiarity with his vehicle
contributed to the accident in any way. An affirmative answer to this
question was given by 5.5% of the bicyclists and 1.6% of the motorists. Of
the bicyclists who responded affirmatively to this question, about 41%
indicated that they were riding a borrowed or new bicycle at the time the
accident occurred, and about 38% indicated that they were unfamiliar with
tThe operation of hand brakes. Over one-third of the motorists who responded
affirmatively were motorcyclists who were unfamiliar with the operation of

motorcycle hand brakes.
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FAMILIARITY WITH ACCIDENT SITE

Table 6 shows the distribution of times the operators had driven
through the accident site before the day of the accident. It can be seen
that the vast majority of

TABLE 6 accidents occurred at a loca-

DISTRIBUTION OF TIMES OPERATOR HAD tion that both operators had
DRIVEN/RIDDEN THROUGH THE ACCIDENT . .
SITE PRIOR TO THE DAY OF THE ACCIDENT ~ driven fhrough many times
(NON-FATAL ACCIDENT SAMPLE) ’ prior to the accident. Only

TIMES THROUGH | BICYCLIST | MOTORIST 16.6% of the bicyclists and

SITE N % N % 5.2% of the motorists had

0-4 86 16.6 20 5.2 driven through the accident
5-9 17 3.3 12 3.7 site fewer than five times
10-19 30 5.8 10 2.6 prior to the accident. In
20-29 27 5.9 9 9.3 contrast, 62.4% of the bicy-
30-39 23 4.4 11 2.9 clists and 83.6% of the motor-
40-49 12 2.3 1 3 ists had driven fthrough the

= 50 324 62.4 | 320 83.6 accident site 50 or more times

before the accident.

TOTAL 519 100 | 383 100

Operators also were
asked their opinions about
whether lack of familiarity
with tThe accident location contributed fo the accident in any way. An
affirmative answer was given by 6.9% of the bicyclists and 3.4% of the
motorists. Unexpectedly high traffic density and unusual traffic-movement
patterns were the most common.explanations given for why lack of familiarity
with the site contributed to the accident. It is interesting to note that
only two bicyclists in the sample and none of the motorists indicated that
a lack of familiarity with the type or location of traffic signs/signals

contributed to the accident.

As will be discussed in more detail later, many accidents were the
direct or indirect result of a suboptimal pre-crash course by one or both

vehicles. The findings reported here indicate that few operators selected
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a suboptimal course through the accident area because they were unaware of

the physical or operational characteristics of the traffic environment.

OPERATORS' PHYSICAL AND MENTAL CONDITION

All operators who were inferviewed were questioned in detail about
their physical and mental condition at the time of the accident. Specifi-
cally, operators were questioned about permanent impairments (vision,
hearing, |imbs, body parts other than |imbs, nervous or mental, and other)
and temporary impairments (had been drinking, under influence of prescribed
drugs, under influence of non-prescribed drugs or narcotics, temporary
illness, physical fatigue, emotional stress, and other). For the operators
who were not interviewed, information concerning aicohol use was obtained
from the official ftraffic accident report. Information from the official
traffic accident report was also used to confirm the reports of operators

who were interviewed.

The relative frequency with which temporary and permanent impair-
ments were reported by the operators is shown in Figure 12. The number of
operators who reportediy had been drinking prior to the accident is shown
separately, because information about alcohol use is based upon both self
reports by the operators and information obtained from the traffic accident

report.

Since the data in Figure 12 are based on self reports by the operators,
the values shown are more {ikely to be underestimates than overestimates
of the percentage of operators who were suffering from the impairments at the
time of fthe accident. However, except for non-prescribed drugs/narcotics,
admission of the impairments is not severely incriminating. Thus, the
response bias should be relatively small for all impairments other than the
use of non-prescribed drugs/narcotics. Unfortunately, there is no way to
estimate the magnitude of the r&sponse bias for drug use from the data

compiled during this study.

It can be seen in Figure 12 that the impairments most frequently

reported by the bicyelists include temporary emotional stress (9.3%),
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REPORTED IMPAIRMENTS

TEMPORARY EMOTIONAL
STRESS

PHYSICAL FATIGUE

TIME STRESS

PERMANENT VISUAL
IMPATRMENT

NERVOUS/MENTAL
IMPAIRMENT

TRAFFIC-RELATED STRESS

TEMPORARY ILLNESS

PERMANENT HEARING
IMPATRMENT

PERMANENT IMPAIRMENT
TO LIMBS

NON-PRESCRIBED DRUGS/ B
NARCOTICS MEE

B = BICYCLISTS (N = 525) M = MOTORISTS (N = 385)

Figure 12. Temporary and permanent impairments reported by
operators in the non-fatal accident sample (excluding alcohol
use).

physical fatigue (8.2%), and time stress (7.8%). The most commonly reported
type of emotional stress was anger stemming from family strife. It is
interesting to note that anger stemming from a conflict with a motorist was
reported by only two bicyclists in the sample. When physical fatigue was
reported by the bicyclist, it was nearly always the result of having com-

pleted a long bicycle trip or having just ridden up a steep grade. A few
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bicyclists reported that their physical fatigue stemmed from a long work

day or the lack of sleep. Time stress was usually the result of the bicy-
clist being late for school, work, mealtime, or another type of appointment.
It can be seen that motorists generally reported fewer impairments than
bicyclists. Between two and three percent of the bicyclists reported that
they were suffering from a visual impairment or a nervous/mental impairment
(usually retardation). Less than two percent of the bicyclists reported that

they were suffering from any of the remaining impairments listed in Figure
12.

Only four types of impairments were reported by two percent or more
of the motorists in the sample: physical fatigue (7.0%), traffic-related
stress (3.6%), temporary emotional stress (2.9%), and permanent visual
impairment (2.1%).

Table 7 shows the numbers and
TABLE 7

NUMBER OF OPERATORS WHO REPORTEDLY HAD . .~ = e
BEEN DRINKING PRIOR TO THE ACCIDENT atal and non-fatal samples who

were judged to be under the influ-

proportions of operators in the

N?s;;ggﬁL (;5¥22) ence of alcohol at the time of the

N % N % accident. This judgment was based

BICYCLISTS 6 g 1 6 upon information from tests admin-

MOTORISTS 26 3.5 28 16.9 istered by the investigating
officer, self reports of the opera-

tors, and (rarely) information
provided by witnesses. Generally, the operator was judged to be under the
influence of alcohol if he had consumed the equivalent of two or more drinks

within an hour of the accident.

It can be seen that the incidence of alcohol use by bicyclists was
relatively low, .8% for non-fatal accidents and .6% for fatal accidents.
The incidence of alcohol use among motorists was far greater than for
bicyclists, particularly among motorists who were involved in fatal acci-
dents. Table 7 shows that 3.5% of the motorists in the non-fatal sample and
16.9% of the motorists in the fatal sample had been drinking prior to the
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accident. Although a large proportion of fatal bicycle/motor-vehicle acci-
dents involve alcohol use by the motorist, this percentage is not nearly so
high as the percentage of all alcohol-related traffic accidents that result
in a fatality (about 50%).

OTHER OPERATOR CHARACTERISTICS

Listed below are other items of information obtained from the inter-
views with operators in the non-fatal sample. The percentages reported

are based on 525 bicyclist interviews and 385 motorist infterviews.

® Nineteen percent of the bicyclists and 54% of the motorists reported
that they had received formalized training in the operation of a
motor vehicle prior to the accident.

® Fifty-seven percent of the bicyclists and 52% of the motorists
reported that they had read the laws and ordinances governing
bicycles prior to the time the accident occurred.

m Twenty-one percent of the bicyclists and 96% of the motorists
possessed a valid motor-vehicle operator's |icense at the time of
the accident. Most of the motorists who did not possess a valid
motor-vehicle operator's license were juveniles who were riding
motorcycles at the time of the accident.

® Six percent of the bicyclists reported that they ride a bicycle as
part of their job (does not inciude commuting).

® Twenty-five percent of the motorists reported that they drive a
motor vehicle as part of their job (does not include commuting).

® Fight percent of the bicyclists reported that they had received
some form of formalized training in operating a bicycle prior to
the accident.

® Forty-one percent of the bicyclists reported that they commute to
school or work on a bicycle.

® Seventeen percent of the motorists reported that they ride a
bicycle at least occasionally.

® Eight percent of the bicyclists and one percent of the motorists
reported having had at least one bicycle/motor-vehicle accident
(other than the one that was being investigated) during the past
24 months. Only 27.7% of the "other" bicycle/motor-vehicle acci~
dents were reported to the police.
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m Twenty-two percent of the bicyclists reported that they could have
chosen an alternate route to their destination that was safer than
the route they were on when the accident occurred.

THE VEHICLES
VEHICLE TYPE

In almost every case, the type of motor vehicle involved in the acci-
dent was recorded on the official traffic accident report form, but the
specific type of bicycle was seldom reported. For this reason, information
about motor-vehicle type was available for almost every case in both the
fatal and non-fatal samples, whereas information on the bicycle type was avail-
able only for the non-fatal cases in which the bicyclist was interviewed.

The information compiled on the distribution of bicycle types and motor-

vehicle types is described below.

Bicycle Type

The relative frequency with which different types of Bicycles were
ridden by male and female bicyclists in the non-fatal sample is shown in
Table 8. Also shown is the distribution of bicycle types for the combined
(male and female) sample. Considering the combined sample, it can be seen

that most bicyclists were riding a lightweight bicycle at the time the

TABLE 8

TYPE OF BICYCLE RIDDEN BY MALE AND FEMALE
BICYCLISTS IN THE NON-FATAL SAMPLE

MALE FEMALE COMBINED

BICYCLE TYPE N , N % N %
LIGHTWEIGHT 186 51.0 80 50.3 | 266 60.8
STANDARD/MIDDLEWEIGHT | 148 40.5 74 46.5 | 222 42.4
HIGHRISE 23 6.3 4 2.5 27 5.1

OTHER 8 2.2 1 .6 9 1.7
TOTAL 365 100 | 159 100 | 524 100
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accident occurred; and that a smaller, but significant, number were riding
a standard or middleweight bicyclie. About five percent of the bicyclists
were riding a highrise bicycle; and less than two percent were riding

!,10

another ftype of bicycle (child tricycle or big whee adult Tricycle,

folding or collapsible bicycle, tandem bicycle, or custom design}.

A comparison of the distributions of bicycle type for males and
females shows that nearly identical percentages of males and females (about
50%) were riding a lightweight bicycle. A standard or middleweight bicycle
was ridden by a slightly larger percentage of females (46.5%) than males
(40.5%), whereas a slightly larger percentage of males than females were
riding a highrise or "other" type bicycle. Statistical tests revealed that
none of the differences between corresponding percentage values were statis-
tically significant (p >.05). Therefore, these data suggest that there are
no important differences in the types of bicycles ridden by male and female

accident victims.,

There have been few survey studies that attempted to assess the
relative number of bicycles of each type that are in use by the general
bicycling population. Most surveys that have addressed the issue of
bicycle type are limited to only one segment of the population (school-age
children, college students, etc.) or are outdated. One recent study has
been located that surveyed the general population in Santa Clara County,
California (Diridon Research Corporation, 1973). The distribution of
bicycle types in use revealed by this survey is shown in Table 9 along
with the distribution of bicycle types for the study sample. It can be
seen that lightweight bicycles are overrepresented in the accident sample,
and that all other bicycle types are underrepresented. Although no data

are available on the distribution of bicycle types in use within the

10accidents involving child tricycles and "big wheels," are clearly under-
represented in this study sample. Discussions with representatives of
Dunlap and Associates (Blomberg, 1977) revealed that accidents involving
tricycles and big wheels are usually reported as pedestrian accidents.
For a large sample of pedestrian accidents that occurred in Los Angeles,
it was found that tricycle and big wheel accidents together accounted
for about two percent of all pedestrian accidents and five percent of
all child pedestrian accidents.
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TABLE 9

DISTRIBUTION OF BICYCLE TYPES FOR
THE STUDY SAMPLE (NON-FATAL CASES) AND
A RECENT HOUSEHOLD SURVEY

STUDY HOUSEHOLD
BICYCLE TYPE SAMPLE SURVEY!
(N=524) (N=3187)

LIGHTWEIGHT 51% 32%
STANDARD/MIDDLEWEIGHT 42% ' 52%
HIGHRISE 5% 12%

OTHER 2% 47

IDiridon Research Corporation, 1973

' sampling areas for this study, it is unlikely that the number of |ightweight
bicycles in use within the sampling areas would be greafér than the light-
weights in use within Santa Clara County, California, where the adult
ridership is very high. For this reason, the data shown in Table 9 suggest
that a disproportionate number of bicycie/motor-vehicle accidents involve
lightweight bicycles. Although it is possible that accident rate would be
constant across bicycle types if exposure (type, frequency, and amount of
riding) was held constant, it is also possible that accident rate is higher
for lightweight bicycles because the average speed is far greater than for

other types of bicycles.

Motor-Vehicle Type

As was stated above, the type of motor vehicle involved in the acci-
dent was recorded on the official traffic accident report form in almost
every case. Thus, data on motor-vehicle type were available for both the
fatal and the non-fatal! samples. The distributions of motor-vehicle type
for the fatal and non-fatal samples are shown in Table 10. The parentheti-
cal values adjacent to the name of the vehicle type represent the percentage
of total vehicle registrations for the associated vehicle type (National
Safety Council, 1976). For instance, 77.5% of all vehicles registered in

the United States are passenger cars, 18.4% are frucks, and so on.
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TABLE 10

TYPE OF MOTOR VEHICLE DRIVEN BY MOTORISTS IN THE
FATAL AND NON-FATAL SAMPLES

N % N %

PASSENGER CAR (77.5%)! 126 79.8 658 88.1
TRUCK (18.4%) 30 19.0 70 9.4

Pickup or Van 24 15.2 61 8.2

Other Truck 6 3.8 9 1.2
MOTORCYCLE (3.7%) - 1 .6 18 2.4
BUS (.4%) 1 .6 1 .1
TOTAL 158 100 747 100

!parenthetical values show percent of total vehicle registrations
for the associated vehicle type.

As would be expected, most of the mofor vehicles involved in bicycle/
motor-vehicle accidents are passenger cars. |t can be seen that about 80%
of the fatal accidents and 88% of the non-fatal accidents involved a
passenger car (a significantly larger percentage of non-fatal than fatal
accidents involved a passenger car [p <.01]). Comparison of the distribu-
tion for the study sample with the distribution of all registered motor
vehicles shows that passenger cars are slightly overrepresented in the
fatal sample and are overrepresented in the non-fatal sample by more than
ten percent. Although the reasons for the overrepresentation of passenger
cars in bicycle/motor-vehicle accidents is not known for certain, it is
probable that the most important reason is that passenger cars are more

often driven in the areas where bicycle density is greatest.

Table 10 shows that trucks are involved in a proportionately greater
number of fatal accidents (19%) than non-fatal accidents (9.4%). More
Than 80% of the trucks were pickups or vans; The remainder were larger
types of trucks.. These data suggest that the likelihood of fatal injuries
increases as a function of the size of the vehicle. For instance, dividing

the proportion of fatal cases by the proportion of non-fatal cases yields
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a ratio of .9 for passenger cars, 1.9 for pickups and vans, and 3.2 for
larger ftypes of frucks. Because of the small number of cases involving a
truck, these data can only be considered suggestive. Because all the
required information is contained on traffic accident report forms, it
would be a relatively simple matter to conduct a large and comprehensive
survey to determine the |ikelihood of fatal injuries as a function of

vehicle type.

Only one fatality resulted from a collision between a bicycle and
a motorcycle (actually, both the bicyclist and the motorcyclist were killed
in this accident). Motorcycies were involved in a proportionately greater
number of non-fatal accidents (2.4%). Although motorcycles were involved
in bicycle/motor-vehicle accidents less often than would be predicted from
their numbers, it is possible that the accident rate per mile driven may

be greater than for other types of motor vehicles.

The small number of bicycle/motor-vehicle accidents involving a bus
was somewhat surprising. Considering the width of a bus and the type of
areas In which they travel, it seems reasonable to expect a greater number
of bicycle-bus accidents than was revealed by the sample. This result is
probably a function of the skill of the bus drivers and a recognition by

bicyclists that buses constitute a serious threat.

VEHICLE CONDITION

The bicyclists who were interviewed were asked to identify both the
safety equipment and the vehicle defects for the bicycle they were riding
at the time of the accident. To minimize the effects of recall, checklists
were provided for safety equipment (Appendix B, p. B-104) and defects
(Appendix B, p. B-105). The motorists who were interviewed were asked tfo
identify equipment defects for the motor vehicle they were driving at the
time the accident occurred. A checklist was also used to assess motor-

vehicle defects (Appendix B, p. B=~125).
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Bicycle

Safety equipment. Bicyclists were asked to identify the safety
equipment that was on the bicycie they were riding when the accident
occurred and to indicate whether or not the items they checked were in
good working order. The bars in Figure 13 indicate the proportions of
bicycles in the non-fatal sample that were equipped with the associated
safety item. The shaded portion of the bar indicates the proportion of

cases in which the item was defective.

It can be seen that the vast majority of bicycles were not equipped
with all the safety items that most experts consider essential for safe
riding and, in some cases, that are required by law. Only four of the safety-

equipment items were found on the majority of bicycles: handlebar grips

PERCENT BICYCLES EQUIPPED WITH ITEM (N=499)

SAFETY EQUIPMENT 10 20 30 40 50 60 70 %0
1 1 | Il 1 ‘IT {

HANDLEBAR GRIPS OR TAPE _ 1 | k]
REAR REFLECTOR E]

]| ] 1
REFLECTORIZED PEDALS | - - 1
CHAIN GUARD

| |
FRONT REFLECTOR ] ]
REAR SIDE REFLECTOR 1 ]
FORWARD SIDE REFLECTOR ]

TAILLIGHT |
REFLECTORIZED TAPE

HEADLIGHT

BASKET OR RACK
SAFETY FLAG
REAR-VISION MIRROR

HORN OR BELL
REFLECTORIZED CLOTHING

ITEM ON BICYCLE
i

ITEM
DEFECTIVE

Figure 13. Safety equipment on the bicycles in the sample of non-fatal
accidents.
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or tape (83%), rear reflector (76%), reflectorized pedals (68%), and chain
guard (62%). Although a front reflector and a forward and rear side
reflector are required by law, it can be seen that only about 47% of the
bicycles were equipped with a front reflector and about 38% were equipped
with a forward and rear side reflector. Twenty percent or fewer of the
bicycles were equipped with the remaining safety items. It is interesting
to note that while about 20% of the bicycles were equipped with a taillight
and headlight, about five percent of all taillights and headlights were
defective or otherwise inoperable at the time the accident occurred. It
is also of interest to note that only seven percent of the bicycles were
equipped with a safety flag and that tess than five percent were equipped
with a rear-vision mirror (this percentage includes head-mounted rear-

vision mirrors as well).

[t might be argued that while many bicycles are not equipped with the
necessary lighting equipment, such ill-equipped bicycles are not often
ridden at night. For this reason, the availability of Ilighting equipment
was fabulated separately for daytime and nighttime accidents. This ftabula-
tion is shown in Table 11. I+ can be seen that the proportion of bicycles
equipped with the various lighting equipment was similar for the daytime
and nighttime accidents. The proportions differed significantly only for
reflectorized clothing where i+ was found that a significantly larger
percentage of bicyclists involved in nighttime accidents were wearing
reflectorized clothing (p <.05). However, the absolute number of bicyclists
who were wearing reflectorized clothing at the time of the accident was so

small that this finding has liftle significance.

These data would be most meaningful if it were possible to compare the
safety equipment on bicycles in the accident sample with the safety equip-
ment on the general population of bicycles in the sampling areas. Unfor-
tunately, no data have been located that enable one to estimate the
percentage of bicycles in the general population that are equipped with
the safety items investigated in this study. However, based upon casual
observations, the authors believe that bicycles in the accident sample would

not differ significantly from those in the general population.
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TABLE 11

LIGHTING EQUIPMENT ON BICYCLES INVOLVED IN
DAYTIME AND NIGHTTIME ACCIDENTS
(NON-FATAL ACCIDENT SAMPLE)

PERCENT BICYCLES
EQUIPPED WITH ITEM

DAYTIME NIGHTTIME

LIGHTING EQUIPMENT ACCIDENTS | ACCIDENTS
(N=477) (N=52)
REAR REFLECTOR 72.7% 67.3%
REFLECTORIZED PEDALS 73.1% 63.3%
FRONT REFLECTOR 44 .4% 40.4%
REARWARD SIDE REFLECTOR 36.7% 38.5%
FORWARD SIDE REFLECTOR 35.4% 40.4%
TAILLIGHT 19.7% 21.1%
REFLECTORIZED TAPE 19.1% 15.4%
HEADLIGHT (OPERATIONAL) 19.1% 13.5%
REFLECTORIZED CLOTHING 2% 1.9%

As is discussed in more detail later, lighting equipment and devices

to increase the daytime conspicuity of the bicycle (safety flags, for
example) are clearly the most crucial items of safety equipment. Otfher
items are either present on most bicycles or, if absent, seldom contribute

to bicycle/motor-vehicle accidents.

Defective equipment. During the interviews, the bicyclists were
first asked to indicate on the checklist the equipment that was defective
at the time of the accident, and then were asked fo indicate whether the
defect contributed to the accident in any way. The bars in Figure 14
indicate the proportion of bicyclists who reported the presence of the
associated defect. The shaded portion of the bar indicates the proportion
of cases in which the defect was present and judged contributory by the

bicyclist.
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Figure 14. Bicycle defects reported and defects judged contributory by.
bicyclists in the non-fatal accident sample.

I+ can be seen that, although a significant proportion of the bicycles
was defective, few of the defects were judged contributory by the operator.
The one exception to this observation is defective brakes. Nearly 11% of
the bicyclists reported that their brakes were defective at the time of
the accident, and over half of them indicated that their defective brakes
contributed to the accident. The authors' assessment of the contribution
of bicyclé defects did not always correspond with the judgment of the
bicyclists. In a significant number of cases, it was found that the acci-

dent was imminent by the time the bicyclist first attempted to brake; so
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the defective brakes were judged non-contributory by the authors, even
though the bicyclists believed that the brake defect did, in fact, con-
Tribute to the accident.

The main implication of these findings is that programs to eliminate
bicycle defects, with the possible exception of defective brakes, cannot
be expected to make a significant impact on the number of bicycie/motor-
vehicle accidents that occur. This conclusion is supported by the fihdings
of a study by the Virginia Department of Highways (1974) in which a bicycle
defect was found to be a contfributory factor in less than three percent of

all bicycle/motor-vehicle accidents.

Motor Vehicle

Like The bicyclists, motorists who were interviewed were asked to
indicate on a checklist the vehicle equipment that was defective at the
time of the accident and to indicate whether they believed that the defect
contributed to the accident. The vehicle defects reported and those judged

contributory are shown in Figure 15, which is formatted in the same manner

PERCENT (N=385)
MOTOR-VEHICLE DEFECTS

1 2

L1 { L1

WIPER BLADES , |

STEERING

TIRES

BRAKES

WINDSHIELD ) DEFECTS

DEFROSTER REPORTED

L] 1

POWER PLANT
TURN SIGNALS

Sossassons .
HEADLIGHTS 1] DEFECTS JUDGED

SUSPENSION CONTRIBUTORY
e e,

Figure 15. Motor-vehicle defects reported and defects
judged contributory by motorists in the non-fatal
accident sample.
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as Figure 14. 1t is clear that defects were infrequent among the motor
vehicles in the non-fatal sample and that contributory defects were even
more infrequent. The defects reported most frequently (defective wiper
blades and defective steering) were not judged contributory in a single
case. The most frequent contributory defect was turn signals. It can be
seen that every motorist who reported that their turn signals were defective
also indicated that the defect contributed to the accident. The remaining
defects were judged contributory by less than .3% of the motorists, if the
defect was judged contributory at all. The authors' judgmenT of the con-
fribution of vehicle defects corresponded closely with the judgments of the
motorists, so it is clear that motor-vehicle defects are seldom a factor in

bicycle/motor-vehicle accidents.

The results of this study correspond closely with the findings of
Waller and Reinfurt (1969) who found that about one percent of the bicycle/

motor-vehicle accidents involve a defective motor vehicle.

VEHICLE OWNER

It was reported earlier that most of the operators had driven the
accident vehicle many times before the accident occurred and were thoroughly
familiar with its operation. That finding is supporfted by the finding that
the vast majority of the operators owned the vehicle they were driving at

the time the accident occurred. Figure 16 shows that over 80% of the

VEHICLE OWNER

OPERATOR OTHER
BICYCLE (N=525) [_ 80.5% 19.59
MOTOR VEHICLE (N=385) [ 74.0% 26.0% |

Figure 16. Proportions of operators who owned the vehicles
being ridden/driven at the time of the accident (non-fatal
accident sample).
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bicyclists and 74% of the motorists were driving their own vehicle at the

+ime the accident occurred.

Waller (1970) found that 37% of the injuries resulfing'from all types
of bicycle-related accidents occurred to individuals who were not riding
their own bicycle. However, since most of the accidents in his .sample were
not bicycle/motor-vehicle accidents, his findings are not directly com-

parable to the percentages reported in this study.

THE ACCIDENT TRIP

Described below are the characteristics of the trip the operators
were on when the accident occurred. The frip characteristics discussed
include: frip purpose, trip length, day of week, hour of day, and month

of year.

TRIP PURPOSE
Bicyclist Trip Purpose

The distribution of trip purposes for the bicyctists in the non-fatal

sample is shown in Table 12. An examination of the values in column 2
(PERCENT ACCIDENT SAMPLE) show that about 80% of the bicyclists were on

a utilitarian trip fto a specific destination, and about 20% of the bicyclists
were on some Type of recreational trip with no particular destination when
the accident occurred. For bicyclists who were engaged in a utilitarian
trip, the most common frip purposes were shopping or errands (21.7%),

- commuting to a place of recreation (20.5%), or visiting friends (18.6%).

A smaller, but nevertheless significant, proportion of the bicyclists was

commuting to school (10.7%) or commuting to work (8.4%).

About 18% of the bicyclists were on a recreational *rip with no
destination when the accident occurred--about 10% were simply riding around
the neighborhood, and the remaining eight percent were engaged in some type

of game or race with another person.
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TABLE 12

DISTRIBUTION OF TRIP PURPOSES FOR BICYCLISTS IN THE NON-FATAL ACCIDENT
SAMPLE COMPARED WITH ESTIMATES OF BICYCLING FREQUENCY BY TRIP PURPQSE

PERCENT PERCENT OF ALL
ACCIDENT BICYCLING DAYS?
SAMPLE TENNESSEET JPENNSYLVANTAT
BICYCLIST'S TRIP PURPOSE (N=525) (N=3141) (N=6372)
UTILITARIAN (SPECIFIC DESTINATION) 79.9% 36.9% 49.7%
SHOPPING/ERRANDS 21.7% 4.7% 9.1%
COMMUTING TO PLACE OF RECREATION| 20.5% 10.8% 14.1%
VISITING FRIENDS 18.6% 17.2% 20.5%
COMMUTING TO SCHOOL 10.7% 2.9% 2.9%
COMMUTING TO WORK 8.4% 1.3% 3.1%
RECREATIONAL (NO DESTINATION) 18.1% )
NEIGHBORHOOD RIDING 10.1%
GAME PLAYING 8.0% 63.19 50.39
OTHER RECREATIONAL 1.8%
ORGANIZED RACE/RIDE 1.0%
TOURING . 8%
DON'T REMEMBER .2%

'!Data from household surveys completed by Barton-Aschman Associates for the
Tennessee Departments of Conservation and Transportation (1974) and the
Pennsylvania Department of Transportation (1975).

2p "bicycling day" is defined as a bicyclist participating in a particular
bicycling activity on any given calendar day (several "bicycling days"
could occur on one calendar day for a single bicyclist).

Only one percent of the bicyclists was engaged in an organized
(sanctioned) race or ride, and only .8% was engaged in long-distance touring

(a bicycling frip exceeding two hours in duration).

There are at least two reasons why accident likelihood may vary as a
function of *rip purpose. First, some types of frips may require bicyclists
to ride in more hazardous {ocations and during more dangerous periods than
others. For example, commuting to work usually requires the bicyclist to
ride on busy streets during peak-hour traffic periods, while busy streets
and peak-hour traffic can usually be avoided when the purpose of the trip
is purely recreational. Secondly, there are some types of trips that

involve more severe time constraints than others. The time constraints may,
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in turn, lead the bicyclist to take more chances in traffic than under

ordinary circumstances.

In an attempt to determine if accident |ikelihood varies as a func-
tion of trip purpose, the l|iterature was searched for data on the relative
proportions of all bicycling trips that are made for different purposes.

Two survey studies were located that provided estimates of the relative
proportion of all "bicycling days" on which at least one trip for a given
purpose was made. These data were compiled during statewide household
surveys in the State of Tennessee (Barton-Aschman, 1974) and the State of
Pennsylvania (Barton-Aschman, 1975). |In these surveys, a "bicycling day"
was defined as a bicyclist participating in a particular bicycling activity
on any given calendar day. The comparison of the survey data with the
accident data is complicated by the fact that several "bicycling days"

could occur on one calendar day for a single bicyclist. That is, if a
bicyclist made three separate trips fto visit friends and one trip to school,
the data would show one bicycling day for visiting friends and one bicycling
day commuting to school. Assessing the relationship between accident

likel ihood and trip purpose from these data is also complicated by the

fact that trips for different purposes may vary in their length and,
therefore, the relative exposure of the bicyclisT. For these reasons,
caution must be exercised when comparing the accident data and the household

survey data shown in Table 12.

Table 12 shows that about 37% of the bicycling days in Tennessee and
about 50% of the bicycling days in Pennsylvania involved at least one
utilitarian trip, yet about 80% of the bicyclists in the study sample (non-
fatal) were on a utilitarian trip when their accident occurred. Despite
the confounding factors discussed above, these data suggest that accident
likelihood may be substantially greater on utilitarian trips than on non-
utilitarian trips. The findings are consistent with the hypothesis that
accident l|ikelihood is, in fact, higher for utilitarian trips, and that the
difference is because more utilitarian trips than non-utilitarian ftrips
must be made during periods of high traffic density and involve travel in

commercial areas where both traffic speed and traffic congestion tend to
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be highest. For all but one type of utilitarian trip, the percentage
values for the accident sample are significantly greater than the corre~
sponding percentage values for both the Tennessee and the Pennsylvania
household surveys. Accidents while on a ftrip fto visit friends occur in
direct proportion to the number of such trips that are made. It seems
reasonable to assume that most frips to visit friends are made in residen-
tial areas and are no more l|ikely (and perhaps tess likely) during periods
of peak-hour traffic than during other periods. Conversely, shopping

frips and commuting trips to school of work occur far more frequently
during peak-hour traffic and are far more likely to take the bicyclist into

an area where traffic volume and speed are high.

The relationship between accident |ikelihood and frip purpose that
is suggested by these data is sufficiently important to warrant verification
by further research. |f valid, this relationship suggests that the current
attempts to promote greater utilitarian use of bicycles may result in a
disproportionately large increase in bicycle/motor-vehicle accidents if

special remedial action is not taken.

Motorist Trip Purpose

Table 13 shows the distribution of trip purposes for motorists in the
non-fatal sample. As was true for bicyclists, the overwhelming majority
of motorists were engaged in a ufilitarian trip when the accident occurred.
I+ can be seen that only 3.1% were on a recreational trip with no specific
destination and that the remaining 96.4% were on a utilitarian trip with

‘a specific destination.

It would be of interest to compare the distribution of trip purposes
for the accident sample with the distribution of trip purposes for the
general motoring population. Unfortunately, such a comparison is impossible
because a) most origin-destination studies are limited either fo to inter-
city or intra-city travel and b) the trip-purpose categories that tradi-
tionally have been used in origin-destination studies are different from

those used in this study. Even so, it is interesting to note that
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TABLE 13

DISTRIBUTION OF TRIP PURPOSES FOR MOTORISTS
IN THE NON-FATAL ACCIDENT SAMPLE

PERCENT
MOTORISTS
INTERVIEWED
MOTORIST'S TRIP PURPOSE (N=385)
UTILITARIAN (SPECIFIC DESTINATION) 96.4%
SHOPPING/ERRANDS 41.1%
COMMUTING TO WORK 23.4%
VISITING FRIENDS/RELATIVES 14.0%
COMMUTING TO PLACE OF RECREATION | 12.7%
COMMUTING TO SCHOOL 5.2%
RECREATIONAL (NO DESTINATION) 3.1%
LOCAL DRIVING 2.6%
NON-LOCAL DRIVING .o%
DON'T REMEMBER .5%

Tittemore and his colleagues (1972), in a comprehensive study of local
travel in eight different cities, showed about the same proportion of

commuting trips to work and school (29%) as was found for motorists in
the study sample (28.6%).

TRIP LENGTH

Table 14 shows the centiles of tThe one-way trip length distributions
for the bicyclists and motorists in the non-fatal accident samplie. |t can
be seen that most bicyclists were on a relatively short frip when the
accident occurred. Half the bicyclists were on a trip of 1.1 miles or
less and one-fourth were on a *rip of .4 mile or less. While some of the
bicyclists were on trips as long as 30 miles, Table 14 shows that only five

percent of the bicyclists were on a trip whose length exceeded 3.4 miles.

As would be expected, motorists' +rips, on the average, were longer
than those of the bicyclists. However, there were surprisingly few motor-

ists who were on exceedingly long trips. The main implication of these
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TABLE 14

DISTRIBUTION OF TRIP LENGTH (ONE-WAY)
FOR BICYCLISTS AND MOTORISTS IN
THE NON-FATAL ACCIDENT SAMPLE

CENTILES (MILES)
MEDIAN
STH | 25TH | 50TH | 75TH | 95TH
BICYCLISTS . .4 1.1 2.1 3.4
(N=525)
MOTORISTS .5 2.6 5.8 | 10.2 | 29.4
(N=385)

data is that few of the operators--bicyclists and motorists--were on a
trip that was so long that it would require them to travel in altogether

unfamiliar territory or that would be extremely physically fatiguing.

DAY OF WEEK

Figure 17 shows the distribution of accidents in the study sample by
day of week (hereafter referred to as "daily distribution”). The arrow on
the scale at the top of Figure 17 shows the daily percentage value (14.2%)
that would have been obtained if accidents occurred with equal frequency
throughout the week. |t is clear from even a cursory examination of this
figure that the accidents in the study sample do not exhibit the same daily
distribution as is traditionally found for motor-vehicle accidents.!! Motor-
vehicle accidents characteristically occur with about the same frequency
from Monday through Thursday (11%-12%) and show a sharp increase on Friday,
Saturday, and Sunday (16%-21%). In contrast, the daily distribution of
bicycle/motor-vehicle accidents in the study sample fails fo show an
increase on the weekend. In fact, the non-fatal cases occur significantly

less often (p <.01) on Saturday and Sunday than on the remaining days of

1The National Safety Council (1976) reports the following distribution of
motor-vehicie deaths by day of week: Monday, 11%; Tuesday, 12%;

Wednesday, 11%; Thursday, 12%; Friday, 17%; Saturday, 21%; and Sunday,
16%.
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PERCENT
DAY OF WEEK : 5 10

1 |

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

SATURDAY

SUNDAY

F = FATAL (N-= 166) NF = NON-FATAL (N = 753)
Figure 17. Distribution of accidents by day of week.

the week. The percentage values for fatal and non-~fatal cases differ
significantly (p <.05) for Monday (significantly fewer fatal than non-
fatal cases), but the differences are not statistically significant for

the remaining days of the week.

In Figure 18, the daily distribution of accidents in the study sample
is compared with the daily distributions reported in other recent studies
of bicycle/motor-vehicle accidents, including:

m Virginia Department of Highways, 1973 (2,955 accidents),

®m Waller and Reinfurt, 1969 (2,453 accidents),

®m Washington State Patrol, 1972 (1,012 accidents), and

® Williams, 1974 (888 accidents).

The daily distribution of the non-fatal cases in the study sample is
indicated by the circles; the horizontal lines indicate the range of per-
centage values reported in the four studies referenced above. Since nearly
all fthe cases in the referenced studies were non-fatal accidents, it is
appropriate to compare them only with the non-fatal cases in the study

sample.
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PERCENT
DAY OF WEEK 19 10 11 12 13 14 15 16 17 18 19
MONDAY P
TUESDAY ' . i
WEDNESDAY —l e
THURSDAY —ie
FRIDAY | o
SATURDAY o} -4
SUNDAY o}——
@® = NON-FATAL STUDY |.__.4 = RANGE OF PERCENTAGES
SAMPLE (N=753) FOUND IN OTHER STUDIES

Figure 18. Distribution of non-fatal accidents by day of
week for the study sample compared with the distributions
for other studies of bicycle/motor-vehicle accidents.

I+ can be seen that on five of the seven days, the percentages ob-
tained for the study sample fall outside the range of values reported in
the other four accident studies. However, the differences are small in
comparison to the total range of values found for the other four accident
studies. On all five days, the percentage values for the study sample are
within two percentage points of the range. In short, the daily distri-
bution obtained for the study sample can be considered reasonably represen-

tative.

It is clear from these data that bicycle accidents represent a
serious problem on every day of the week. Although accidents consistently
occur less often on Sunday than any other day, Sunday accidents account for
between nine percent and 12% of the total. Conversely, there is no day of
the week that clearly is more important than any other day. Although all

the studies reported a clear peak on a single day (Friday or Saturday),
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the magnitude of the peak is not great enough to warrant tailoring counter-

measures to a single day of the week.

TIME OF DAY

Figure 19 shows the distributions of fatal and non-fatal accidents
in the study sample by time of day. Also shown (solid circles) is the
distribution of all motor-vehicle accidents by time of day (National Safety
Council, 1976). I+ can be seen that the distribution of bicycle/motor-

vehicle accidents is similar but somewhat more pronounced than the

PERCENT

TIME OF DAY 5 ] 15
(U ST WY T VNN WY WUNE NN W DU S NS SENN N G|

1:00- 1:59AM{ , o

2:00- 2:59 ),/ o

3:00- 3:59 ° e NON-FATAL  (N=753)
4:00- 4:59 o | -====FATAL (N=166)
0:00- 5:59  ro ® ALL MOTOR-VEHICLE
7:00- 7:59

8:00- 8:59

9:00- 9:58

10:00-10:59

11:00-11:59

12:00-12:59PM

1:00- 1:59

2:00- 2:59

3:00- 3:59

4:00- 4:59

5:00- 5:59

6:00- 6:59

7:00- 7:59

8:00- 8:59

9:00- 9:59

10:00-10:59

11:00-11:59

12:00-12:59AM -~

Figure 19. Distributions of fatal and non-fatal acci-
dents by time of day.
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distribution of all motor-vehicie accidents. That is, there is a minor
peak during the morning rush hours between 7:00 and 9:00 AM and a major

peak during the evening rush hours between 3:00 and 7:00 PM,

The distributions of fatal and non-fatal accidents differ in two
important respects. First, a relatively smaller proportion of fatal than
non-fatal accidents occur during the evening rush hours. While the
absolute number of fatal accidents is greatest during these hours, the
likelihood of a fatal accident apparently does not increase as a simple
function of exposure. Secondly, the relative proportion of fatal accidents
occurring after 8:00 PM is greater than the proportion of non-fatal acci-
dents that occur affer this time. The relatively higher incidence of fatal
accidents after 8:00 PM is almost surely due to darkness. As will be
shown IaTef, the types of accidents that occur during darkness are more

likely To result in fatal injuries to the bicyclist.

Nearly identical distributions of accidents as a function of time of
day are reported by Waller and Reinfurt (1969), Walsh and Watt (1974), and
the Washington State Patrol (1972). All three of these studies show a
secondary peak during the morning rush hours and a major peak during the
evening rush hours. Furthermore, the reported percentage values are nearly
identical to one another and to the percentage values for the non-fatal

accidents presented in this study.

Because the time of sunrise and sunset varies as a function of time
of year and geographical location, it is not possible to determine the
number of accidents that occur during darkness from knowing only the time
of day at which the accident occurred. Thus, the Field Investigators were
asked to determine the ambient lighting conditions at the time of the
accident. Table 15 shows the proportions of fafal and non-fatal accidents
that occurred during daylight, darkness, dusk, and dawn. Since most
bicycling is done during daytime, it comes as no surprise that most acci-
dents occur during daylight hours. More important is the finding that the
proportion of fatal accidents occurring during darkness is significantly

greater than the proportion of non-fatal accidents occurring during
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TABLE 15 darkness (p <.01). The pro-

LIGHT CONDITIONS AT THE TIME portions of accidents occurring

OF THE ACCIDENT during dusk and dawn do not

LIGHT CONDITION FATAL NON-FATAL differ significantly for the

(N=166) (N=753) fatal and non-fatal samples.

DAYLIGHT 64.5% 85.2% ,
. 0.2 The proportion of non-
DAEEZiés 30.1% e fatal cases that occurred
3.6% 3.8% during darkness in this study
DAWN 1.8% .8%

is remarkably similar to the

proportions found in other
studies of bicycle/motor-vehicle accidents. For instance, in seven recent
studies of bicycle/motor-vehicle accidents, the proportion of nighttime
accidents varied only from five to 14% (Vilardo & Anderson, 1969; Waller
& Reinfurt, 1969; Brezina & Kramer, 1970; Washington State Patrol, 1972;
Popish & Lytel, 1973; Walsh & Watt, 1974; Williams, 1974). The above
studies contained so few fatal accidents that no attempt was made to
estimate the proportion of fatal accidents that occurred during darkness.
However, since the number of fatal cases in the study sample comprise
nearly 17% of all fatal accidents that occurred in the United States during
the sampling period, one can be confident that the finding that 30% of all
fatal accidents occur during darkness is a reasonably reljable estimate.
For the non-fatal accidents that occurred during darkness, 35% occurred in
an area that was not illuminated by street lights. In contrast, 64% of
the fatal accidents that occurred during darkness were at a location %haf

was not illuminated by street |ights.

MONTH OF YEAR

It will be recalled that accident cases were drawn from each month
during calendar year 1975 in direct proportion to the number of accidents
that occurred in the corresponding month of 1974. Therefore, the propor-
tion of accidents in the study sample of non-fatal cases that occurred

during each month is an accurate refiection of fthe distribution of
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accidents by month of year throughout the sampling areas. The distribution
of accidents by month of year for the study sample is shown in Figure 20.
Also shown is the range of values reported in four independent studies of
bicycle/motor-vehicle accidents (Vilardo & Anderson, 1969; Waller &
Reinfurt, 1969; Washington State Patrol, 1972; and California Highway
Patrol, 1974).

It can be seen that all studies showed the same characteristic trend.
Accident frequency is substantially higher during the summer months, some-
what less during late spring and early fall, and lowest during the late fall
and winter (November through March). The seasonal trend is due to fTwo
factors: a) young bicyclists ride more during the summer months when
schoo!l is out, and b) nearly all bicyclists ride less during the months

when the temperature is low and precipitation is frequent.

PERCENT
MONTH 5 10 15 20
1 | 1 1 ! 1 1 1 1 1 1 L 1 1 1 1 1 ) 1

JAN | A
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MAR }
APR | o S 1
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JUNE | A —e 4
JuLy + A —e 4
AUG | A} ° 4
SEP | p——{ A
OCT F e o V|
NOV p——sr—t—i
DEC ey A

A= FATAL ® = NON-FATAL  b——q = RANGE OF PERCENTAGES

(N=166) (N=753) / FOUND IN OTHER STUDIES

Figure 20. Distribution of accidents by month of year for the study sample
compared with the distribution for other studies of bicycle/motor-vehicle
accidents.
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The seasonal trend in the study sample is not so marked as for other
studies. That is, the difference in the proportions of accidents during the
summer and winter months is not as great as is reported in other studies.
This finding is because two of the sampling areas were located in areas
where the temperature is relatively moderate throughout the year (California
and Florida). However, the same general trend was found in both of these
states. Since most of the cases in the fatal sample were drawn from either
California or Florida, it is not surprising that the seasonal trend does
not appear in the disftribution of fatal accidents. That is, in California
and Florida, fatal accidents occur with about the same frequency for each

month throughout the year.

Because the distribution of non-fatal cases falls well within the
range reported in other studies, it seems reasonable to assume that the
non-fatal sampie is representative in terms of the monthly distribution.
The fatal sample, however, is probably representative only of states where

bicycles can be ridden comfortably throughout the year.

WEATHER CONDITIONS

Most of the accident trips were made during conditions of fair
weather. A small, but significant, number of accidents occurred when
rain was falling (3.1% of the non-fatal cases and six percent of the fatal
cases). Only one or two cases in the entire sample occurred when it was
snowing, during a period of heavy fog, or in an area with blowing sand or
dust. Consequently, except for the small number of cases that occurred
when it was raining, there were few cases in which adverse weather condi-

tions were present and could have contributed to the accident.

THE ACCIDENT LOCATION

The accident location is described below in terms of the urban-rural
designation of the area, the predominant use of the land in the vicinity
of the accident site, and the characteristics of the roadway the operators

were traveling just prior to the accident.

118



URBAN-RURAL DESIGNATION

Traditionally, the location of all types of traffic accidents is
designated as urban or rural by the investigating officer or by another
representative of the law enforcement agency. Law enforcement agencies
most commonly differentiate urban and rural areas in terms of either the
incorporation status of the area or the number of inhabitants who reside
within a built-up area. As a consequence, urban accidents may be defined
as those which occur within the political boundary of an incorporated area
or those which occur within communities inhabited by more than some pre-
scribed number of persons (sometimes 2,500 or more and sometimes 5,000 or

more). Rural accidents are those that are not designated as urban.

Clearly, it is not possible to draw valid inferences about the
characteristics of an area knowing only that it was designated urban or
rural by a representative of an enforcement agency. During a preliminary
examination of the accidents in the study sample, it was noted that many
of the accidents that were officially designated as rural, in fact, occurred
in densely populated residential communities located in the unincorporated
fringe of a large population center. Although such areas were unincorpo-
rated and therefore officially rural, the characteristics of the areas
were urban in every important respect. A smaller, but significant, number
of cases were noted in which accidents officially designated as urban
occurred in areas that were truly rural in character. Therefore, with the
classification criteria that are used by law enforcement agencies, it is
altogether possible that an accident designated as rural may have occurred

in an area that is truly urban in character, and vice versa.

It is for this reason that all the accidents in the study sample were
reclassified using more meaningful classification criteria. For purposes
of defining accident causation, the most important differences between
urban and rural areas are the posted speed |imit and the motorists' expec-
tations about encountering bicyclists in the area. Other differences that
may be important include the presence of sidewalks, the presence of street

fighting, roadway surface type, and the type and surface condition of the

119



roadway shoulder. For the non-fatal sample, accidents were usually classi-
fied as rural if they occurred in an area where a) the posted speed Iimit
was 45 miles per hour or more; b) there were no curbs or sidewalks adjacent
to the roadway; c) street lights were not present at intersections; and

d) at least 50% of the area within one-half mile radius of the accident
site was open. A deviation from these classification criteria was neces-
sary in only a few instances. For example, a few cases occurred in rural
recreational areas with a posted speed limit below 45 miles per hour; fthese
cases were classified as rural. Although the same general criteria were
used to classify cases in the fatal sample, information about land use in
the area was available only for the cases that occurred within the sampling
areas and were investigated by the Field Investigator. Consequently, the
classification of fatal cases was changed from the official classification
only if information on the official traffic accident report form or the
Field Investigator's site inspection indicated that the official designa-

tion was invalid in terms of the classification criteria described above.

The designation of accident location is shown in Figure 21 for
the fatal sample, the non-fatal sample, and the combined sample. The term
"incorporated" refers to the cases that were officially designated as
urban accidents; the term "unincorporated" refers to the cases that were
officially designated as rural accidents; and fthe term "rural" refers to
the cases classified as rural by the project staff. The shaded bar is
positioned to show the correspondence between the official designation of

accident location and the designation made by the project staff.

Figure 21 shows that a portion of the accidents classified as rural
by the project staff occurred within an incoporated area and were officially
designated as urban (see the part of the bar labeled "incorporated" that
is shaded). Simitarly, it can be seen that a portion of the accidents
classified as urban by the project staff occurred within an unincorporated
area and were officially classified as rural (see the part of the bar

entitled "unincorporated" that is not shaded).



FATAL (N = 166)
RURAL (31.3%)

INCORPORATED (59.9%) £:4(40.12)

INCORPORATED (69.2%)

'TNCDRPORATED | (30.8%)

TOTAL (N = 919)
RURAL

INCORPORATED (67.5%)

(32.5%)

Figure 21. Classification of accident site by incorporated versus
unincorporated and by.urban versus rural designation.

An examination of the data for the combined samples shows that
slightly over two-thirds of the cases occurred in an incorporated area and
that the remaining cases occurred in an unincorporated area. About 18% of
the cases in the combined samples were classified as rural by the project
staff. Of the cases classified as rural, about 17% occurred in an incorpo-
rated area, and about 83% occurred in an unincorporated area. Stated
differently, it was found that 95% of the accidents that occurred in an
incorporated area were classified as urban by the project staff, but only
47% of the accidents that occurred in an unincorporated area were classi-

fied as rural by the project staff.

A comparison of the distributions for the fatal and non-fatal samples
revealed that:

® The proportion of cases that occurred in an unincorporated area
is significantly greater for the fatal sample than the non-fatal
sample (p <.05).

® The proportion of cases classified by the project staff as rural
is significantly greater for the fatal sample than the non-fatal
sample (p <.01).



For comparisoﬁ purposeé, the distributions of urban and rural acci-
dents (official designation) reported in other studies of bicycle/motor-
vehicle accidents are shown in Table 16. (When examining the values in
Table 16, keep in mind that the terms urban and rural, as used in the table,
refer to the designations assigned by a representative of a law enforcement
agency.) The main reason for presenting the data in Table 16 is to illus-
trate the wide range of values reported from one area to another. For
instance, it can be seen that the values for fatal rural accidents vary
from 40% to nearly 90%. Similarly, the values for non-fatal rural acci-
dents vary from 20% to 39.3%. The reasons for these large differences are
not known, but it is reasonable to assume that they are partly due *fo
differences in the definition of rural accidents and partly due to the

amount of bicycling that is done in truly rural areas.

At the present time, neither this study nor other studies reported
in the literature provide the information needed to formulate a highly
reliable estimate of the proportion of bicycle/motor-vehicle accidents
that occur in areas that are fruly urban or fruly rural. However, a tenta-
tive estimate can be made using the following estimates of the proportions

of cases in which the official designation is correct:

TABLE 16

DISTRIBUTION OF URBAN AND RURAL ACCIDENTS REPORTED IN QTHER
STUDIES OF BICYCLE/MOTOR-VEHICLE ACCIDENTS

SAMPLE SAMPLE PERCENT FATAL |PERCENT NON-FATAL

DATA SOURCE PERIOD STZE

URBAN RURAL URBAN RURAL

NATIONAL SAFETY COUNCIL (1974) *F= 1,150 9 9 9 9
(NATIONWIDE SAMPLE) CcY 1973 NF=40.000 60.0% 40.0% 80.0% 20.0%

VIRGINIA DEPARTMENT OF oY 1969-| F=  4a

HIGHWAYS (1974) CY 1972 |NF= 2,017| 33-3% | 66.7% | 60.7% | 39.3%

WALLER AND REINFURT (1969) |JULY 1965- F= 108 o , : :
(STATE OF NORTH CAROLINA) |JUNE 1968 [NF= 2,345 I'1-1% [ 88.9% | 60.5% 1 39.1%

WASHINGTON STATE PATROL (1973)[ & 1%68-1 £~ B0 a1.04 | s9.01 | 64.72 | 35.32

*F = FATAL; NF = NON-FATAL
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® 90.9% of the fatal accidents in incorporated areas are correctly
classified as urban.

®m 67.2% of the fatal accidents in unincorporated areas are correctly
classified as rural.

® 96.2% of the non-fatal accidents in incorporated areas are correctly
classified as urban.

m 41.4% of the non-fatal accidents in unincorporated areas are
correctly classified as rural.

According to the National Safety Council (1974), a) 60% of the fatal
accidents occur in incorporated areas, and 40% occur in unincorporated
areas; b) 80% of the non-fatal accidents occur in incorporated areas, and 20%
occur in unincorporated areas. Applying the estimates of the proportions
of cases correctly classified to the National Safety Council's estimates
of the distribution of incorporated and unincorporated accidents yields
the following estimates:
FATAL NON-FATAL

URBAN 68% 89%
RURAL 32% 1%

I+ is believed that the above estimates are the best available.

However, additional research should be conducted to verify these estimates.

LAND USE IN ACCIDENT AREA

The accident location can be characterized in terms of the land use
in The vicinity of the accident site. Table 17 is a matrix showing the
predominant land use in the general area (within one-half mile radius of
the accident site) and the proximal area (within 300 feet radius of the
accident site). These data are for the non-fatal sample only. The marginal
totals for rows show the proportions for the general area, and the marginal
totals for columns show the proportions for the proximal area. The cells
along the diagonal of the matrix show the proportions of cases in which
the predominant land use in the general area was the same as for the proxi-
mal area. The remaining cells show the proportions of cases in which the
predominant land use in the general area differed from the predominant

land use in the proximal area.
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TABLE 17

PREDOMINANT LAND USE IN THE GENERAL AREA (ONE-HALF MILE RADIUS
OF ACCIDENT SITE) AND THE PROXIMAL AREA (300 FEET RADIUS

OF ACCIDENT SITE) FOR THE NON-FATAL ACCIDENT SAMPLE

PROXIMAL AREA (300 FEET RADIUS)

& SN
= CZD-! :‘?_J_l 5
Ok e == | v — — =a
O= 1= — I, X&) o — =3
Z i | T | e — < 3 =
—O | g8 |xa | =1 n L 3 3 »
3'; 8; g_"; ;E =2 o o — =<
S |low |lacw |25 ) = o S |3l 5
I |=Ex | D | 8O — o N z o 2
LOW- INCOME ] ) ) ) ) :
RESIDENTIAL [10-9%| -5%f --- | 2.8%} --- | --- | .3%]| 1.62]16.1%
» IMIDDLE-INCOME . . ) ) ) ) o )
E RESIDENTIAL .7/1 28-9/0 .]/o 6.7A - 3/9 .]/9 ].94, 38.7/,
<
= |UPPER-INCOME , ) ) ) )
w [RESIDENTIAL A%| --- | 3.8%) A%} --- | - | --- | 4] 4.4%
= [BUSINESS/ \ . . ) ) ) o
. {COMMERCTAL A% 7%) --- houaz) --- | sl ] 1.2%021.9%
=T
FTAmousTRIAL | oo | oom { oo | 1] 7)== o= | ) o
s
< |RECREATION —— | .zl oag) .ez] --- | rvss| --- | 3% 2.49%
o
s [serooL 1’4 [ Rl [N [P Q. R4 EER T Y
oc
i |AGRICULTURAL/ . \ \ . , . . . .
& |oTHER OPEN bul 112 gl .ex] ozl 3z] .3zf.azha.7y
TOTAL 12.8%131.3%) 4.1%130.3%} .8%| 2.2%} 1.5%]17.0%§ 100%

An examination of the marginal totals for rows shows that nearly 60%

of the accidents occurred in a general area that was predominantly residen-

tial--mostly middle-income residential.

Nearly 22% of the cases occurred

in a general area that was predominantly business or commercial; and nearly

15% of the cases occurred in a general area that was predominantly agricul-

tural or other open (excluding recreational which accounted for 2.4% of

the cases). Less than one percent of the cases occurred in areas that were

predominantiy industrial or school.
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The predominant land use in the general.and proximal areas was the
same in more than 77% of the cases. Examining the cases in which the land
use in the general and proxima! areas were different, it can be seen that
more than nine percent of the cases occurred ir close proximity to a -
business or commercial site that was located in a predominantly residential
area. Nearly four percent of the cases occurred in close proximity to an

open area that was located within a predominantly residential area.

It is clear from these data that most of the bicycle/motor-vehicle
accidents occurred within a residential area. A substantially smaller,
but nevertheless significant, proportion of cases occurred in business/
commercial areas and agricultural/other open areas. |t is important to
note that a relatively small proportion of the accidents occurred in close
proximity to a school area. This finding is surprising in view of the
fact that the volume of bicycle traffic in close proximity to a school is
certain to be far higher than for any other type of area. Apparently, one
or both operators exercise more caution in school areas than other types

of areas.

PROXIMITY TO OPERATOR'S RESIDENCE

Data were presented earlier showing that about 62% of the bicyclists
and 84% of the motorists had driven through the accident site at least 50
times before the accident occurred (see Table 6). Reference to Table 18
shows that the operator's high degree of familiarity with the accident
site was mainly because the accident occurred at a location close to the
operator's residence. |t can be seen that the accident location was within
.6 mile of the residence of half the bicyclists, and that only five percent
of the accidents occurred at a location 7.6 miles or farther from the

bicyclist's residence.

On the average, the accident location was farther from the motorist's
residence than the bicyclist's residence; but even so, the distance between
the accident location and the motorist's residence was quite small in

comparison to the average one-way length of urban trips in motor vehicles.
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TABLE 18

PROXIMITY OF ACCIDENT SITE TO
OPERATORS' RESIDENCE

CENTILES (MILES)
MEDIAN
5TH | 25TH | 50TH | 75TH | 95TH
BICYCLISTS N .2 .6 2.3 7.6
(N=525)
MOTORISTS .1 .6 2.6 6.7 | 26.7
(N=385)

For instance, it can be seen that half the cases occurred at a location no
farther than 2.6 miles from the motorist's home and that 75% of the cases
occurred at a location no farther than 6.7 miles from the motorist's home.
Although a few of the motorists were engaged in inter-city travel, only
five percent of them were farther than 26.7 miles from home when the

accident occurred.

The data on the proximity of the accident location fo the operator's
home (Table 18) along with the data on the number of times the operators
had driven through the accident site before the accident occurred (Table 6)
clearly show that only a small number of the operators were traveling
through an unfamiliar area at the time the accident occurred. These
findings probably reflect the travel patterns of bicyclists and motorists
indicating that both bicyclists and motorists spend most of their time

traveling in familijar locations.

It is altogether possible that accident likelihood could be far
greater when an operator is traveling in an unfamiliar location. Conversely,
it is possible that accident likelihood is lower in unfamiliar locations
because the operators exercise more caution than they do when fraveling in
areas they are thoroughly familiar with. Although these data do not enable
one to judge the relative accident likelihood for familiar and unfamiliar
areas, they do enable one to confidently conclude that lack of familiarity

with the accident site is seldom a factor in bicycle/motor-vehicle accidents.
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TRAFFIC CONTEXT

The general fraffic contexfs in which the accidents occurred are
deécribed below in terms of the type of traffic location, roadway class,
posted speed |imit, roadway alignment, and the type aﬁd condition of the
roadway surface. Because it was not possible to conduct the on-site
investigation until several months after the accident occurred, the data
compiled on operating speed and traffic volume cannot be considered reliable;
so they will not be presented here. Data on the contributory effects of

vehicle speed and ftraffic volume will be discussed in Section V of this report.

Type of Traffic Location

The location of the accident site was described above in terms of
non-traffic parameters-~land use in the vicinity of the accident site and
proximity of the accident site to the operators' residences. The location
of the accident site is described below in terms of the general traffic
context in which the accident occurred. The accidents were ciassified in

accordance with the types of locations listed below.

® Signed intersection!?

Signalized intersection

Commercial driveway/roadway junction
Residential driveway/roadway junction
Alley/roadway junction

Uncontrolled intersection

Parking lot

Non-intersection

To better characterize the location of the accident site within the
Traffic environment, the accident cases were further subdivided info three
groups based upon the pre-crash paths of the vehicles. One group includes
all the accidents in which the vehicles' pre-crash paths were orthogonal.
A second group includes accidents in which the vehicles' pre-crash paths
were parallel (facing approach or same direction) and one vehicle turned

across the path of the other immediately prior to the crash. The third

12An accident was classified into an intersection category only if the
presence of the intersection or junction influenced the accident in some
way.

127



group includes accidents in which the vehicles' pre-crash paths were
orthogonal and the collision course was not the result of an overt turning
movement by one of the vehicles. Table 19 shows the distributions of
traffic locations for rural and urban accidents and for fatal and non-fatal

accidents.

TABLE 19
TYPE OF TRAFFIC LOCATION FOR URBAN AND RURAL ACCIDENTS

RURAL URBAN
FATAL NON-FATAL | FATAL NON-FATAL

ORTHOGONAL PRE-CRASH PATH
SIGNED INTERSECTION 7.7% 8.6% 12.2% 22.9%
SIGNALIZED INTERSECTION 1.9% .9% 7.0% 10.5%
COMMERCIAL DRIVEWAY/ROADWAY JUNCTION 1.9% 3.4% 1.8% 8.5%
RESIDENTIAL DRIVEWAY/ROADWAY JUNCTION 3.8% 8.6% 11.4% 7.4%
ALLEY/ROADWAY JUNCTION -- -- .9% 2.8%
UNCONTROLLED INTERSECTION -- 4.3% .9% 2.5%
BICYCLIST ENTERED ROADWAY OVER CURB/SHOULDER| 3.8% 2.6% 3.5% 2.5%
PARKING LOT ' -- -- - 9% .9%
PARALLEL PRE-CRASH PATH, SUDDEN TURN
SIGNED INTERSECTION 1.9% 3.4% 1.8% 8.9%
SIGNALIZED INTERSECTION -- .9% 3.5% 6.0%
COMMERCIAL DRIVEWAY/ROADWAY JUNCTION -- 1.7% .9% 3.6%
RESIDENTIAL DRIVEWAY/ROADWAY JUNCTION - 5.2% -- 1.7%
ALLEY/ROADWAY JUNCTION -- -- -- .6%
UNCONTROLLED INTERSECTION -- 2.6% 1.8% 2.4%
NON-INTERSECTION 11.6% 17.2% 8.8% 4.6%
PARALLEL PRE-CRASH PATH, NO OVERT TURN
NON-INTERSECTION 67.4% 40.6% 44.6% 14.2%
COMBINED ,

< SIGNED INTERSECTION : 9.6% 12.0% 14.0% 31.8%

“1SIGNALIZED INTERSECTION 1.9% 1.8% 10.5% 16.5%
COMMERCIAL DRIVEWAY/ROADWAY JUNCTION 1.9% 5.1% 2.7% 12.1%
RESIDENTIAL DRIVEWAY/ROADWAY JUNCTION 3.8% 13.8% 11.4% 9.1%
ALLEY/ROADWAY JUNCTION -- -- .9% 3.4%

~|UNCONTROLLED INTERSECTION . 6.9% 2.7% 4.9%
PARKING LOT -- -- . 9% .9%
NON-INTERSECTION 82.8% 60.4% 56.9% 21.3%
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Traffic location for rural accidents. Since the density of inter-
sections is generally low in rural areas, it is nof surprising to find that
most rural accidents--82.8% of the fatal accidents and 60.4% of the non-
fatal accidents--occurred at a non-intersection location. Table 19 shows
that some of these accidents occurred as one of the operators, usually the
bicyclist, was turning across the path of the other vehicle. About 12% of
the fatal and 17% of the non-fatal accidents at non-intersection locations
involved an overt turn by one of the operators. However, the majority of
the accidents at a‘non-infersec+ion location did not involve an overt turn
by one of the operators (67.4% of the fatal accidents and 40.6% of the non-

fatal accidents).

The proportion of accidents that occurred at a non-intersection
location was found to.be significantly greater (p <.01) for fatal than for
non-fatal accidents. This finding suggests that the likelihood of fatal
injuries is less at rural intersections than at other rural locations.
This result is probably due to the fact that the motor vehicle's speed is,
on the average, somewhat less at rural intersections than at o+her rural

locations.

For accidents that occurred at a rural intersection, a significantly
greater proportion of non-fatal than fatal accidents occurred at the junc-
tion of a residential driveway and roadway (p <.05) and at an uncontrolled
intersection (p <.05). None of the other differences between fatal and
non-fatal accidents (rural) differed significantly, either for the sub-

divided or the combined data.

Traffic location for urban accidents. A significantly smaller
proportion (p <.01) of urban than rural accidents occurred at a non-
infersection location. Even so, nearly 57% of the fatal accidents in the
urban sample occurred at a non-intersection location. The difference is
most dramatic for non-fatal accidents. While 60.4% of the non-fatal
accidents in the rura! sample occurred at a non-intersection location, the
proportion of non-fatal accidents at a non-intersection location was only

21.3% for the urban sample. The difference in the proportions of fatal and
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and non-fatal accidents (urban) that occurred at a non-intersection location
is highly significant (p <.01). -Other statistically significant differences
in proportions for the fatal and non-fatal samples are as follows.
® A significantly larger proportion of non-fatal than fatal accidents
occurred at a signed intersection (p <.01). The difference is

significant for both the orfhogonal path and the parallel path
accidents. T

® A significantly larger proportion of non-fatal than fatal accidents
occurred at the junction of a commercial driveway and roadway
(p <.01). 'The difference is significant for both the orthogonal
pafh accidents and for the combined accidents.

Some of the accidents that occurred at signed intersections, signal-
ized'infersec+ions,vunconTrolled intersections, and junctions of roadways
and driveways/alleys involved a bicyclist whose pre-crash path was on the
sidewalk. For the fatal sampie, it was found that only two of the bicy-
clists had been riding on the sidewalk just prior to the accident. One of
the fatal accidents that occurred at a signed. intersection involved a
“bicyclist riding into the intersection from a sidewalk, and one of the fatal
accidents that occurred at a signalized intersection happened in the same
fashion. Listed below are the proportions of the non-fatal accidents that
involved a bicyclist whose pre-crash path was on a sidewalk. In computing
these propor?ions,vcéses were ekcluded in which the bicyclist rode from a

sidewalk over a curb, shoulder, or driveway apron and into the roadway.

m Signed intersection--1.9%

m Signalized intersection--.5%

B Commercial driveway/alley--2.4%
m Residential driveway--.3%

® Uncontrolled intersection--.1%

Number of Traffic Lanes

Téble 20 shows +he number of traffic lanes present on the roadway
the vehicles were +ravelfng prior to the collision. When the bicyclist was
riding on the sidewalk prior to entering the roadway, the tabulation was
based on the number of traffic lanes for the roadway that ran parallel fo

the sidewalk on which the bicyclist was riding. The first row in Table 20
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TABLE 20

NUMBER OF TRAFFIC LANES FOR THE ROADWAY THE VEHICLES WERE TRAVELING
PRIOR TO THE COLLISION

TOTAL TRAFFIC LANES
RURAL ACCIDENTS URBAN ACCIDENTS
(FATAL = 52; NON-FATAL = 112) (FATAL = 114; NON-FATAL = 637)

VEHICLES PRE-CRASH 1-2 LANE 3-4 LANE 5-8 LANE 2 LANE 3-4 LANE 5-8 LANE
PARALLEL PATHS 55.8%' 60.0%'123.2% 12.6% | 3.8% 1.8% J28.1%% 27.5%%|28.9% 11.8% | 5.3% 2.4%
ORTHOGONAL PATHS

1-2 LANE 7.7% 10.0% | --- 1.8% [ ——- --- 7.0% 18.4% | 5.2% 10.4% .9% 1.6%

3-4 LANE - -—-- - 9% | —-- - — -—- 2.6% 5.2% | 3.5% .5%

5-8 LANE -— -— | FETIN Q. “—- - e -—-- . 9% .9%

COMMERCIAL DRIVEWAY | 7.9% 1.7% | --- 1.7% | -=- - === .9% 2.7% .9% 4.9% § --~ .9%

RESIDENTIAL DRIVEWAY| 3.8% 8.6% | —-- - —— - l11.43 7.4% | --- -—- — o

ALLEY — --- — --- - --- .9% 2.4% | --- 2% | --- .2%

OVER SHOULDER/CURB 1.9% 9% | 1.9% -——- ——— .- . 9% 2.2% | 1.7% .2% . 9% 2%

IThe percentages shown in italics are for fatal accidents; the percentages in bold type are for non-fatal
accidents.

2Includes two fatal and six non-fatal cases that occurred within a paved parking lot. Also includes one case
in which both vehicles were traveling on the same residential driveway.

shows the percentages for the accidents in which the operators were traveling
parallel paths on the same roadway. The remaining cells show percentages

for the accidents in which the operators' pre-crash paths were orthogonal.
The percentage values in italics are for fatal accidents, and those in bold

type are for non-fatal accidents.

Rural aceidents. In examining the data for rural accidents, it
should first be observed that the percentage values for fatal and non-fatal
accidents did not differ significantly for any cell. It was noted above
that most rural accidents occurred when the vehicles were on the same road-
way traveling parallel paths. Examination of the first row in Table 20
shows that well over one-half of all rural accidents occurred when the
vehicles were traveling parallel paths on a two-lane rural roadway (55.6%
of the fatal and 60.0% of the non-fatal accidents). A much smaller percentage
of the parallel-path accidents in rural areas occurred on a three- or four-
lane roadway (23.2% of the fatal and 12.6% of the non-fatal accidents); and
fewer still occurred on a roadway with more than four lanes (3.8% of the
fatal and 1.8% of the non-fatal accidents).
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The rural accidents in which the vehicles were traveling orthogona!
paths occurred most frequently at the intersection of a pair of two-lane
roadways or at the junction of a two-lane roadway and a residential drive-
way. Less than ftwo percent of the rural accidents occurred at any other

single type of junction.

Perhaps the most important conclusion to be drawn from these data is
that a relatively small proportion of the rural accidents occurred on a
rural roadway with more than two traffic lanes. Tabulating across cells
in Table 20 will show that only 28.9% of the fatal accidents and 18.8% of
the non-fatal accidents occurred when one or both vehicles were traveling
on a rural roadway with more than two traffic lanes. This finding does not
indicate that it is more safe to ride a bicycle on a multi-lane roadway
when traveling in a rural area. Rather, it indicates that most bicycle

riding in rural areas is done on a two-lane roadway.

Urban accidents. |t can be seen in Table 20 that there are substan-
tial differences between the distribufions of urban and rural accidents.
The main differences are that the relative proportion of parallel-path
accidents is significantly smaller (p <.01) for urban than for rural acci-
dents; and a significantly larger propo%fion {p <.01) of urban accidents
occurred when one or both vehicles were- traveling a roadway with more than
two lanes. The fatal and non-fatal accidents that occurred in an urban area
are distributed similarly, but there are several differences that proved to
be statistically significant, including:

® For parallel-path accidents, a significantly larger proportion
(p <.01) of fatal than non~fatal accidents occurred on an urban
roadway with three or four lanes.

® For orthogonal-path accidents, a significantiy smaller proportion
(p <.01) of fatal accidents occurred at the junction of a pair of
two—-lane roadways and at the junction of a commercial driveway and
a three- or four-lane roadway.

® A significantly greater proportion (p <.01) of fatal accidents
occurred at the junction of a three- or four-lane roadway and a
roadway with more than four lanes. In addition, a significantly
larger proportion (p <.01) of fatal accidents occurred when =
bicyclist rode over a curb or shoulder into a roadway with three
or four lanes.



All of the above differences appear fo stem from the same underlying
factor. Motor-vehicle speeds tend to be greater on roadways with three or
more lanes; and the likelihood of fatal injuries increases as a function
of motor-vehicle speed. The strength of this relationship is discussed in

more detail below.

Posted Speed Limit

The distribution of posted speed limits for the roadways the motor
vehicles were traveling at the time of the accident is shown in Figure 22.
The unshaded bars show the percentage of non-fatal accidents and the shaded
bars the percentage of fatal accidents for each speed category. The
distribution for non-fatal accidents shows that nearly three-fourths of
the non-fatal accidents occurred on roadways with a posted speed limit
between 20 and 35 miles per hour. This finding undoubtedly is due to the
fact that the vast majority of bicycle riding is done on roadways with a
posted speed |imit between 20 and 35 miles per hour.

The distribution for fatal accidents is dramatically different from

the distribution for non-fatal accidents. It can be seen that more than
POSTED SPEED 5 10 T8 P%CENT%S 035 40
< 15
20-25 '
30-35
40-45
> 50
F = FATAL (N = 166) NF = NON-FATAL (N = 753)

Figure 22. Distribution of posted speed limit for the roadways the
motor vehicles were traveling at the time of the accident.
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half of all fatal accidents occurred on roadways with a speed {imit of 40
miles per hour or more and that less than one-third of the accidents
occurred on roadways with a posted speed limit of 25 miles per hour or
less. The percentage values for fatal and non-fatal accidents differ |
significantiy (p <.01) for every speed category; so the trend shown in

Figure 22 is a reliable one.

It may at first appear surprising that the proportion of fatal acci-
dents is about the same for the three highest speed-limit categories (30-35
MPH, 40-45 MPH, and 250 MPH). When considering these findings, one is at
first tempted to conclude that the likelihood of fatal injuries remains
constant for speeds above 25 MPH. However, when the distribution for fatal
accidents is compared with the distribution for non-fatal accidents, it
becomes apparent that such a conclusion would be erroneous. The distribu-
tion for non-fatal accidents shows that the likelihood of an accident
declines dramatically for roadways with a posted speed limit that exceeds
35 miles per hour--almost certainly because bicyclist traffic on such
roadways is comparatively low. And yet, the proportion of fatal accidents
remains the same for the roadways with the higher speed |imits even though
total exposure is far less. Therefore, one can confidently conclude that
the likelihood of fatal injuries does, in fact, increase substantially on
roadways with a posted speed (and a probable operating speed) above 35 miles

per hour.

ROADWAY ALIGNMENT-

The information for fatal accidents was often insufficient to deter-
mine the roadway al ignment at the accident site. As a consequence, no
conclusions can be drawn about roadway alignment at the site of the fatal
acéidenfs in the study sample. For non-fatal accidents, the vast majority
occurred on a roadway with no significant lateral or vertical curvature.

It was found that one or both operators' pre-crash path was on a laterally-

curved roadway in only 3.6% of the non-fatal cases.
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TABLE 21 The percentages of non-fatal cases

OPERATORS' DIRECTION OF TRAVEL that occurred on a hill are shown in
FOR NON-FATAL ACCIDENTS THAT
OCCURRED ON A HILL

Table 21. Summing across columns, it

can be seen that 7.1% of the motorists

DIRECTION OF TRAVEL and 9.9% of the bicyclists were fravel-

OPERATOR UPHILL DOWNHILL ing on a measurable hill at the time
BICYCLISTS 1.79% 8.29 of the crash or shortly before the
(N=753) crash. For motorists, equal numbers
MOTORISTS 3.3% 3.8% were fraveling uphill and downhill.
(N=753) However, a significantly larger pro-
portion (p <.01) of the bicyclists
were fraveling downhiti than uphill. This finding is undoubtedly due tfo
The higher speeds that bicyclists travel when riding dewnhill. Although a

relatively small proporfion of the accidents occurred when the bicyclist
was riding downhill, fthere is little question that accident |ikelihood is
increased by the higher speeds achieved when riding downhill and the greater

braking distance that is required for a given speed when riding down a hill.

ROADWAY SURFACE TYPE AND CONDITION

Table 22 shows that few accidents occurred on a roadway with an
unpaved surface. For fatal accidents, none of the motorists were traveling
on an unpaved roadway, and only 2.4% of the bicyclists were traveling on an
unpaved driveway or roadway prior to the crash. For non-fatal accidents,
2.4% of the motorists and 2.5% of the bicyclists were traveling either on

an unpaved driveway or an unpaved roadway.

The types and numbers of roadway surface defects present at the
accident site are shown in Figure 23. First note that at least one roadway-
surface defect was present at the site of about 12% of the fatal accidents
and 11% of the non-fatal accidents. A worn and polished roadway surface
was present at the site of about five percent of the fatal and non-fatal
acciden+s, while significant bumps or cracks were present at the site of

about five percent of the non-fatal and four percent of the fatal accidents.
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TABLE 22

- DISTRIBUTION OF CASES IN WHICH OPERATOR WAS
TRAVELING ON AN UNPAVED ROADWAY

PERCENT UNPAVED

FATAL | NON-FATAL
opeRATOR | RoADwaY | FATAL | NON-EATA
DRIVEWAY | 1.8% .99
BICYCLISTS] “poADWAY 6% 1.6%
DRIVEWAY |  -- 49
MOTORISTS | “poADWAY - 2.0
TYPE ROADWAY- PERCENT
SURFACE DEFECT ] 2 § ? ? 6 Z 8 ? 10 1] 12
i
| |

PO L I S H E D S U R FAC E 5 O OO AN N RN R R RERNLRE,

..............................

B
BUMPS/CRACKS MES e s —]
RUTS
HOLES

LOOSE SAND/GRAVEL

TOTAL WITH ONE OR
MORE DEFECTS

B = BICYCLISTS (N = 525) M = MOTORISTS (N = 385)

Figure 23. Distribution of surface defects for roadways the
operators were traveling prior to the collision (non-fatal
accident sample).

Ruts, holes, or loose sand and gravel were present at the site of between
1.2% and 2.4% of the fatal and non-fatal accidents. While these types of
roadway-surface defects--particularly loose sand and gravel--constitute

important hazards for bicyclists, roadway-surface defects were present at
the site of a relatively small proportion of the accidents and were causal

factors for an even smaller proportion of accidents.
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THE ACCIDENT CONSEQUENCES

Information about injuries and property damage resulting from the
accident was limited to that which could be obtained from the operator
interviews. The collection and analysis of medical records and property
damage documentation was beyond the scope of this study. Since few of the
operators involved in fatal accidents could be interviewed, little informa-
tion about the consequences of fatal accidents was compiled, other than the
number of persons who were fatally injured in the accident. To the extent
possible from self reports by the involved operators, an assessment was
made of the type, severity, and cadse of injuries sustained in the accident
and the dollar cost of the property damage resulting from the accident.

These data are summarized in the following paragraphs.

TOTAL NUMBER OF PERSONS KILLED OR INJURED

It is widely recognized that it is usually the bicyclist who is
injured in bicycle/motor-vehicle accidents. However, Table 23 shows that
motorists and passengers are sometimes injured as well. Table 23 shows
that the 166 fatal cases and the 753 non-fatal cases resulted in a total
of 172 persons killed and 765 persons injured. There was one case in which
two bicyclists who were riding separate bicycles were killed in the same

accident. This accounts for the fact that 167 bicycle operators were

TABLE 23

PERSONS KILLED AND INJURED IN THE STUDY SAMPLE
OF 166 FATAL AND 753 NON-FATAL ACCIDENTS

KILLED | INJURED
VEHICLE BICYCLISTS 167 720
OPERATORS | MOTORISTS 1 25
VEHICLE BICYCLE 3 16
PASSENGERS |MOTOR VEHICLE 1 1
COMBINED OPERATORS
AND PASSENGERS 172 765
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kKilled in the 166 cases. Also killed were one motorist, one motor-vehicle
passenger, and three bicycle passengers. The fatally injured motorist and
the fatally injured motor-vehicle passenger were riding a motorcycle at

the time of the accident (separate accidents).

Information obtained from the operator interviews and from the traffic
accident report forms indicated that 720 bicyclists and 25 motorists in
the non-fatal sample sustained at least minor injuries in the accident.
It is of interest to note that nearly one-third of the injured motorists
were riding a motorcycle at the time of the accident. The 753 non-fatal
cases also resulted in injuries to a total of 16 bicycle passengers and

four motor-vehicle passengers.

INJURY SEVERITY

The following discussion of injury severity is based upon data obtained
from the 525 bicyclists in the non-fatal sample who were interviewed. The
sample of motorists and passengers was too small to enable inferences to
be made about the severity of their injuries. Of the 525 bicyclists who
were interviewed, 91.8% suffered injuries severe enough to cause them pain
and discomfort for at least one day following the accident. The injuries
sustained by 54.8% of the sample were severe enough to prevent them from
going to work or school for at least one day; 17.5% of the bicyclists in
the sample were hospitalized for-one or more days. Based upon the injury
data compiled on the sample of 525 bicyclists, a bicyclist who is involved
in a bicycle/motor-vehicle accident, on the average, suffers the following
consequences:

® 1.4 days in the hospital.

m 1.4 days in bed at home.

m 7.4 days missed work or school.

® 23,6 days suffering pain or discomfort.

It seemed reasonable to suppose that the single most important factor
determining severity of injury is the impact velocity. To test this
hypothesis, the accident cases were divided into three general categories.

The mean number of days disabled and hospitalized for each of the three
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categories is shown in Table 24. |t can be seen that severity of injury
(as measured by the number of days disabled and hospitalized) is greatest
when a motor vehicle traveling at sustained speed strikes the bicycle.
Injury severity is less when the bicycle strikes the motor vehicle or when
the bicycle is struck by a motor vehicle that is in the process of slowing

or accelerating.

As will be shown in Section V, there are some types of accidents that
result in a proportionately greater number of fata! injuries than others.
The incidence of fatal injuries is greatest for the types of accidents in
which the bicyclist is struck by a motor vehicle fraveling at sustained
speed, particularly on rural roadwways where the operating speed of the
motor vehicle is typically above 40 MPH. Fatal injuries seldom occur when
the bicyclist strikes the motor vehicle and the impact velocity is a sole
function of the bicyclist's speed. The types of accidents, that result in

the highest incidence of fatal injuries probably result in the most severe

TABLE 24

MEAN DAYS DISABLED AND HOSPITALIZED AS
A FUNCTION OF THE TYPE OF COLLISION

MEAN DAYS:
TYPE OF COLLISION DISABLED! [HOSPITALIZED
MOTOR VEHICLE AT
MOTOR SUST?é§$SG§PEED 9.5 2.3
VEHICLE
STRIKES
MOTOR VEHICLE SLOWING
BICYCLE OR ACCELERATING 6.0 4
(N=68)
BICYCLE STRIKES MOTOR VEHICLE 6.0 o
(N=271) ) :
TOTAL SAMPLE
(h526) 7.3 1.4

!The number of days the injuries prevented the bicyclist
from returning to work or school.
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injuries for non-fatal accidents as well. However, because of the great
variability of injury severity within a given type of accident and because
of the relatively small sample size for this study, a reliable assessment
of the differences in injury severity among types of accidents is not

possible.

INJURY TYPE AND LOCATION

The bicyclists who were interviewed were requested 1o indicate the
type and location of their most serious injuries (up to four). A checklist
was provided for use in identifying injury type. The bicyclist indicated
the injury location on a set of standard drawings of the human body (front
and rear views of the body surface and the skeletal system--see Appendix B,
pp. B=-112-B-115). The 525 bicyclists identified 1,314 injuries--an average
of 2.5 injuries per bicyclist. The type and location of the sample of

injuries are discussed below.

Injury Type

The analysis revealed that 76.4% of the injuries were body-surface
injuries, 17% were skeletal injuries, and six percent were internal non-
skeletal injuries. The relative incidence of the most frequently occurring
Types of injuries is shown in Figure 24, |t can be seen that abrasions
and bruises together accounted for nearly two-thirds of the injuries while
about 11% of the injuries were lacerations. Considering next the skeletal
injuries, it can be seen that 7.5% of the injuries were fractures, 5.6%
were sprains, 2.7% were concussions, .9% were dislocations, and .6% were
broken teeth. Neariy five percent of the injuries were aches and pains in
the muscles and joints, and siightly over one percent were ruptures of sub-

cutaneous tissue, arteries, vessels, or organs.

The finding that about three-fourths of the injuries were body-surface
injuries suggests that protective clothing has the potential for reducing
or eliminating many of the types of injuries sustained by the bicyclists.

Protective clothing also has the potential for reducing or eliminating
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PERCENT (N = 1314)

INJURY TYPE

ABRASIONS

BRUISES
LACERATIONS

FRACTURES

SPRAINS

ACHES AND PAINS

CONCUSSIONS aess

RUPTURES 23
g

DISLOCATIONS B
BROKEN TEETH
OTHER

Lonaad

Figure 24. Distribution of injury types for bicyclists in the non-
fatal sample.

concussions and possibly other types of fractures as well. Readers who have
an interest in injury type should refer to Appendix D-1 which shows a more
detailed breakout of injury type. Table D-1 shows the relative frequency
for each type of accident separately for the first, second, third, and
fourth most serious injury. In addition, the table provides a more detalled

breakout of the types of fractures that occurred.

The distribution of injuries for fatal accidents would certainly be
different from the distribution of injuries for non-fatal accidents. Other
research indicates that the relative frequency of head injuries and internal
injuries would be much greater for fatal than non-fatal accidents. For
instance, autopsies performed on 181 bicyclists killed in traffic accidents
during the period 1935-1963 (Tonge, O'Reilly, Davison, & Derrick, 1964)
showed that brain damage was evidenced in over 80% of the fatalities with

an associated skull fracture occurring in 71% of the cases. Injury to
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abdominal organs was' found in over 50% of the victims. Similar findings

are reported by Bowen (1970) and by Gissane, Bull, and Roberts (1970).

The distribution of type of injury found in this study is highly
similar to the distribution of type of injury sustained by bicyclists
treated in NEISS hospital emergency rooms during the period between 1969
and 1974. In the NEISS sample, it was found that abrasions, bruises, and
lacerations accounted for about 70% of the injuries; fractures accounted
for approximately 13% of the injuries; skul! fracture was evident in less
than .5% of the cases, while concussions and organ injuries occurred in
less than 3% and .4% of the cases, respectively (Consumer Product Safety
Commission, 1975). Information obtained by the CPS Commission from death
certificates indicates that head and neck injuries were present in 80% of

the fatal cases.

Injury Location

The reader who is inferested in the exact distribution of injury
location is referred to Appendix D-1 (pp. D-164-D-190) which shows scatter
plots of the exact location of the three most serious injuries sustained by
the bicyclists who were interviewed. Separate scatter plofs are provided
for each of the seven classes of accidents that are defined in the next

section (Section V).

The primary reason for examining the location of injuries is to
evaluate the potential of different types of protective clothing for
reducing the number and severity of injuries resulting from bicycle/motor-
vehicle accidents. Rough dimensions of various types of protective clothing
were defined, and tabulations were made of the proportion of the injuries
that falls within the boundaries of each type of protective clothing.

(Actual ly, the padding of various parts of the body could be incorporated
into one or two separate garments.) Table 25 shows the proportion of body-
surface injuries that would be affected by protective clothing that would

pad or otherwise protect specific body regions.
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TABLE 25 [+ can be seen that knee

POTENTIAL OF VARIQUS TYPES OF PROTECTIVE  padding has the potential for
CLOTHING FOR REDUCING BODY-SURFACE INJURIES o iminating or reducing more

TYPE OF PROTECTIVE BODY-SURFACE than 14% of the body-surface
CLOTHING INJUR{&E]gngCTED injuries. Since many of these
injuries are abrasions and
EEE;E$ADDING }?'8? lacerations, it is possible that
ELBOW PADDING 9:2% a heavy material covering the
gﬁ%ﬁ EXSE?NG g'gg knees would effect a significant
FOOT/ANKLE PROTECTION 6.5% reduction in the severity of
g%gvgiégiméENs 2‘%3 injuries to the knee. A helmet
SHOULDER PADDING 3:5i covering the upper skull has the
INNER THIGH PADDING 1.0% potential for reducing injuries

by 11%; another eight percent
reduction could be realized by affixing a face guard on the helmet that
would serve to protect the face, teeth, and chin of the bicyclist. Effec-
tive elbow padding could reduce the number of body-surface injuries by as
much as 9.2%. Shin padding, foot/ankle protection, gloves/mittens, and hip
padding each has the potential for reducing body-surface injuries by more
than six percent. Shoulder padding could reduce body-surface injuries by
as much as 3.6%, and protection of the inner thigh could reduce body-surface

injuries by about one percent.

The percentage values shown in Table 25 are based only on boady-surface
injuries. If is possible that protective clothing would also effect a
reduction in the number of skeletal injuries and other internal injuries.
For instance, a helmet with a face guard has the potential for reducing the
number of concusions and lost or broken teeth; effective footwear could
reduce the number of ankle sprains and fractures; and effective gloves

could reduce the number of fractures to fThe hands and fingers.

Since it is difficult to induce bicyclists to wear even a heimet, 1T
would be extremely difficult to induce them fo wear protective clothing
that would be even more costly and more cumbersome than a helmet. Neverthe-

less, anyone concerned with the development of at-crash countermeasures must
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give serious consideration to the development of protective clothing that

would provide protection for the body parts identified above.

CAUSE OF INJURY

For each injury identified, the bicyclist was asked to define what
caused the injury. The results of the bicyclists' responses about injury
cause are summarized in Figure 25. |t can be seen that 60.4% of the
injuries were the result of the bicyclist's impact with the roadway, while
24.1% of the injuries resulted from impact with the motor vehicle. It was
surprising to find that only 6.2% of the injuries resulted from the bicy-
clist's impact with the bicycle he was riding. This finding suggests that
padding the bicycle and eIimfnaTing the protfrusions on the bicycle would
have only limited potential for eliminating bicyclist injuries--at least

those resulting from bicycle/motor-vehicle accidents.

The finding that most injuries are caused by the bicyclist's impact
with the roadway suggests that one potentially effective at-crash counter-
measure may be fraining the bicyclist in how to abandon his bicycle or

fall in order fo minimize injuries.

INJURY RESULT PERCENT OF ALL REPORTED INJURIES (N=1314)
OF IMPACT WITH: 10 20 30 40 50 60

ROADWAY
MOTOR VEHICLE

BICYCLE
FIXED OBJECT

UNKNOWN

Figure 25. Cause of injury to bicyclists in the non-fatal
sample.
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COST OF VEHICLE DAMAGE

The bicyclists and motorists who were interviewed were asked 1o
estimate as accurately as possible the cost of repairing the damage their
vehicle incurred in the accident. Of the operators interviewed, 148 bicy-
clists and 77 motorists were unable or unwilling to estimate the cost of
the damage to their vehicle. The distribution of cost estimates for the
remaining operators is shown in Table 26. |t can be seen that the median
cost of bicycle damage was greater than for motor-vehicle damage, but the
total range was greater for motor vehicles than for bicycles. Damage to
The motor vehicle was fypically very small when the damage was solely the
result of the collision with the bicycle. The more costly damage to the
motor vehicle occurred when the bicycle/motor-vehicle accident caused the

motor vehicle to collide with another motor vehicle or with a fixed object.

These data suggest that bodily injury rather than property damage is
the most significant consequence of bicycle/motor-vehicle accidents. Even
so, it is estimated that the 40,000 non-fatal bicycle/motor-vehicle acci-
dents that reportedly occur each year result in more than two million

dollars in property damage. Although reliable estimates of property damage

TABLE 26

DISTRIBUTION OF COST OF VEHICLE DAMAGE
SUSTAINED IN ACCIDENT

CENTILES (DOLLARS)

MEDIAN
5TH | 25TH | 50TH | 75TH | 95TH
fﬁfgf}fl $6 | $11 | sas | s89 | $157
MOTOR
VEHICLE $1 $5 $9 $71 | $269
(N=308)*

10f the operators interviewed, 148 bicyclists
and 77 motorists were unable to estimate the
cost of the damage.
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could not be obtained for the fatal accidents, study of the traffic acci-
dent reports leave little doubt that the property damage is far greater for
fatal than for non-fatal accidents. The bicycle is nearly always fotally
destroyed in fatal accidents, and the moftor vehicle often subsequently
collides with another motor vehicle or a fixed object. Therefore, it is
not unreasonable fo estimate that the annual cost of property damage
resulting from bicycle/motor vehicle accidents exceeds three million

dollars each year.

THE ACCIDENT CAUSES

The remainder of this section is devoted to a discussion of the
factors that were found to be causally related to the accidents. |In accor-
dance with the model| presented in Section |l, accident causation is defined
here in terms of the "function failures" that led to the accident and the

"factors" that, in turn, contributed fo the function failures.

The data presented below are pooled across problem types, but
separate tabulations are shown for motorists and bicyclists and for fatal
and non-fatal cases. Although accident causation can be most specifically
and most meaningfully defined within the context of a specific probliem
type, presenting the data pooled across problem types serves two important
purposes. First, the pooled data serve to identify causal factors that
occur relatively frequentiy but are not a distinguishing characteristic of
any one or small number of problem ftypes. Secondly, examination of the
pooled data enables one to identify and discuss factors that only infre-
quently contribute to bicycie/motor-vehicie accidents and to dismiss them
from further consideration. |+ Is necessary to identify factors that
clearly are infrequent contributors fto bicycle/motor-vehicle accidents--
particularly the factors that many persons have incorrectly assumed were
important contributors. However, when discussing specific problem types,
it would be difficult to describe factors that might have confributed to
the accident but did not.
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PRECIPITATING FUNCTION FAILURES

According to the accident-generation model| described in Section |1,
an accident can occur only when both operator-vehicle units fail to perform
adequately one of the critical functions in the function-event sequence.

An examination of the accidents in this sample revealed only one exception
to this otherwise universal rule. There were a small number of cases in
which one of the operator-vehicle units was completely stopped at an
expected location in the traffic environment and was unable to initiate

any type of evasive action. |In these cases, it was judged that the acci-
dent was precipitated by the function failure of only the operator-vehicle
unit that was moving. [n all other cases, a precipitating function failure
was identified for both vehicle-operator units, even though one of the

operators was clearly non~-culpable.

A precipitating function failure can occur either during the Antici-
patory Phase or during the Reactive Phase. A precipitating function
failure was said to have occurred during the Anticipatory Phase when it
was judged that there was insufficient time for a normative operator to
have completed all the Reactive-~Phase functions once the other vehicle
first became observable. A precipitating function failure during the
Anticipatory Phase means that one or more of the following conditions were
present: the operator's view of the ofther vehicle was obstructed, the
visibility conditions were so poor that the other vehicle could not be
observed until an accident was imminent, or the operator's pre-crash course
(usually speed) was grossly suboptimal. One other reason why the precipi-
tating failure may have occurred during the Anticipatory Phase is because the
operator was unable fo implement his intended course through the accident
area--either because of a catastrophic vehicle failure or because the

operator's response capability was seriously impaired.

Before proceeding, there is one potentially confusing issue that mus+t
be clarified. The issue concerns the assignment of a function failure
when an object obstructed an operator's view of the other vehicle fo such

an extent that an accident was imminent once the other vehicle emerged
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from behind the obstructing object. This issue is complicated when attempt-
ing to define the function failure of an operator whose speed and position
in the traffic lane were altogether normal for the type of roadway on

which the accident occurred. The issue is exemplified by the foilowing
accident scenario.

The motorist was proceeding along a two-way, two-lane residential

roadway. The motor vehicle was traveling at a speed of 20 MPH, five

mites per hour slower than the posted speed limit. There were many
parallel-parked vehicles along the roadway and some of the parked
vehicles masked the motorist's view of intersecting residential
driveways. The motorist was driving as far from the parked vehicles
on his right as was possible without entering the opposing traffic
tane. As the motorist approached a driveway junction that was
obscured from his view by a parked van, a young bicyclist rode into
the street from the driveway. By the time the bicyclist emerged
from behind the van, the vehicles were in such close proximity that
the motorist had insufficient time to stop or otherwise avoid
colliding with the bicyclist.

Judging from the responses of colleagues who have considered the
above scenario, a detection failure during the Reactive Phase is the most
common choice for the motorist's function failure. However, this choice
is inconsistent with the model described in Section |l because, by defini-
tion, the precipitating function failure must be located in the Anticipatory
Phase when there is insufficient time to avoid the accident once the other
vehicle first becomes observable. Moreover, the assignment of a Reactive
Phase detection failure suggests that the Reactive Phase search function
was performed adequately. In the above scenario, the Reactive Phase search
function could not be performed adequately because of the visual obstruc-
tion, and there is no way to determine whether the search function would
have been performed adequately if the obstructing object had not been
present. For these reasons, it is necessary to locate the motorist's

precipitating function failure in the Anticipatory Phase.

It would not be correct to state that a detection failure during the
Anticipatory Phase occurred in the above scenario. The purpose of the
Anticipatory Phase function is to select an optimal route through the

accident area, so a detection failure occurs only when an operator fails
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to perceive environmental objects that are relevant for courée selfection.
The motorist in the scenario did see the parked van and selected a path

to avoid colliding with it. What the motorist did not do was to correctly
evaluate the hazard associated with the van that obstructed his view of
the driveway junction. That is, the motorist's function failure was an

Anticipatory-Phase evaluation failure.

I+ can be argued that the motorist in the scenario could not be
expected to behave any differently; to have avoided the accident, the
motorist would have had to slow his vehicle to a crawl each time he passed
a driveway that was obscured from view by a parked vehicle. |t is agreed
that the motorist was not at fault and that there may be no practical way
to modify his behavior to effect a reduction in accident likelihood for
such situations. But these facts have no bearing on the assignment of a
function failure. The point is this: the Anticipatory-Phase evaluation
function was not performed adequately in the above scenario, and the per-
formance of the evaluation function was necessary for accident avoidance.
This fact remains regardless of whether or not the function could have

been performed by the operator.

In accordance with this rationale, an Anticipatory-Phase evaluation
failure has been assigned when an obstruction obscured an operator's view
of the other vehicle such that an accident was imminent once the other

vehicle could first have been observed.

The distributions of precipitating function failures are shown in
Table 27. The function failures of the bicyclists and the motorists are

discussed in turn.

Bicyclists' Function Failures

Table 27 shows that the bicyclists! precipitating function failures
occurred during the Anticipatory Phase in 15.6% of the fatal cases and 16.2%
of the non-fatal cases. The information that was availabie for these cases
clearly indicated that an accident was imminent at the earliest point at

which the motor vehicle could have been observed by the bicyclist. However,
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TABLE 27

PRECIPITATING FUNCTION FAILURES FOR BICYCLISTS AND MOTORISTS

IN THE FATAL AND NON-FATAL SAMPLES

BICYCLISTS MOTORISTS

PRECIPITATING FATAL {NON-FATAL{ FATAL |NON-FATAL
FUNCTION FAILURE (N=166) | (N=753) | (N=166) | (N=753)
SEARCH -— .- - 1%
DETECTION --- ——- - .6%
ANTICIPATORY|{ EVALUATION --- 7.7% 11.4%! 18.1%1
PHASE DECISION - 1.6% -—- .4%
ACTION 4.8% 2.7% 6.0% 1.1%
UNKNOWN 10.8% 4.2% -——- .5%
TOTAL ANTICIPATORY| 15.6% 16.2% 17.4% 20.8%
SEARCH 50.0% 41.39 21.1% 39.8%
DETECTION -—- .49 28.3% 9.6%
REACTIVE EVALUATION 7.2% 36.0% 19.9% 23.5%
PHASE DECISION - ——- - 1%
ACTION 3.09 3.0% —-- .3%
UNKNOWN 24.29 2.1% 13.3% 1.4%
TOTAL REACTIVE 84.49 82.8% 82.6% 74.7%
VEHICLE STATIOQNARY --- 1.0% - 4.,5%

INearly all evaluation failures by motorists during the Anticipatory
Phase were due to the motorist's failure to assess the hazards

associated with a visual obstruction.

in 10.8% of the fatal cases and 4.2% of the non-fatal cases, there was

insufficient information to identify confidently the specific Anticipatory-

Phase function that was not or could not be performed adequately by the

bicyciist.??

135ince the fatal and non-fatal samples differed in the proportions of cases

for which the specific function failure could be identified, it is not

legitimate to test for statistically reliable differences in the distribu-

tions of function failures for the fatal and non-fatal accidents.
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Anticipatory-Phase failures. Because of the sparse information
available for bicyclists in the fatal sample, the only Anticipatory-Phase
function failures that could be identified with a reasonable degree of
certainty were action failures. The bicyclist In each of these cases lost
control of his bicycle and was unable to implement his intended course--

usual ly because of a physical impairment or because of a vehicle failure.

I+ can be seen that an evaluation failure during the Anticipatory
Phase occurred in 7.7% of the non-fatal cases. In about one-third of these
cases, the bicyclist failed fo assess correctly the hazards associated
with a visual obstruction; in the remaining two-thirds of the cases, he
failed to assess correctly the risk associated with other aspects of his
'subop+imal pre-crash course. A decision failure during the Anticipatory
Phase occurred in 1.6% of the non-fatal cases. In these cases, the bicy-
clist admitted to selecting a course that he knew was less safe than
alternative courses available to him. The decision failure in all cases
was due To a momentary need that was in direct competition with the need
for safety. An action failure during the Anticipatory Phase occurred in
4.2% of the non-fatal cases. The action failures for the non-fatal cases

occurred in the same manner as those for the fatal cases.

Reactive-Phase failures. Table 27 shows that in 84.4% of the fatal
cases and 82.8% of the non-fatal cases, the precipitating function failure
of the bicyclists occurred during the Reactive Phase. The information was
inadequate to identify the specific Reactive-Phase failures for 24.2% of the

fatal cases and 2.1% of the non-fatal cases.

I+ is clear that the search function and the evaluation function were
the two most frequently occurring failures during the Reactive Phase. All
search failures (50% of the fatal and 41.3% of the non-fatal cases) were
the result of the bicyclist's failure to scan in the direction of the
motor vehicle until it was too late to avoid a collision. The evaluation
failures (7.2% of the fatal and 36% of the non-fatal cases) were the result
of a variety of faulty expectations, assumptions, and judgments by the

bicyclist. As will be discussed in more detail later, evaluation failures
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most frequently stemmed from the bicyclist's faulty assumption that he had
been or would be observed by the motorist and that the motorist would yield

the right of way to him.

The detection failures (.4% of the non-fatal cases) were due to
degraded visibility conditions; the action failures (3% of both the fatal
and non-fatal cases) were due to operator, vehicle, or environmental factors

that prevented the bicyclist from implementing his intended evasive actions.

Summary comments. |In summary, it is clear that the most frequentiy
occurring function failures for bicyclists include: Anticipatory-Phase
evaluation, Reactive-Phase search, and Reactive-Phase evaluation. A smaller,
but important, number of action failures occurred during both the Anticipa-
Tory Phase and the Reactive Phase. The finding that no search or detection
failures occurred during the Anticipatory Phase was due to the fact that
most bicyclists were riding in an area that they had ridden through many
times before. Therefore, even though the bicyclist was not carefully
examining the features in the physical environment, he was thoroughly aware,
from past experience, of all the relevant environmenta! features that were
important for course selection. The lack of decision failures during the
Reactive Phase also warrants brief comment. {t+ will be recalled from
Section |1 That a decision failure is said to occur only when the operator
chooses an evasive action other than the one he perceives to be most safe.
Although it is often assumed that decision failures may be exhibited by
bicyclists who are defiant or inclined to take risks, not a single case
was found in which the bicyclist's decision about evasive action was moti-
vated by anything other than his own safety. When an accident appeared
imminent, every bicyclist was found to be solely concerned with preserving
his own skin. While competitive needs were found to influence the bicy-
clist's selection of a clearly unsafe course, these needs had no bearing

whatsoever on the bicyclist's decision about evasive action.

A final observation is that only one percent of the non-fatal cases
and none of the fatal cases occurred when the bicyclist was stopped in an

expected location and was struck by the motor vehicle.
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Motorists' Function Failures

Anticipatory-Phase failures. An examination of the distribution of
motorists' function failures in Table 27 shows that a precipitating failure
during the Anticipatory Phase occurred in 17.4% of the fatal cases and 20.8%
of the non-fatal cases. |+ can be seen that evaluation failures are clearly
the most frequently occurring Anticipatory-Phase failures. Nearly all of
these accidents were due to the motorist's failure to assess the hazards
associated with a visual obstruction. The rationale that led to the
assignment of an Anticipatory-Phase evaluation failure for these cases was

presented at the beginning of this subsection.

An action failure was the second most frequently occurring Anticipa-
tory~-Phase failure. As was true for bicyclists, the action failures
occurred because the motorist was unable to implement his intended course.
Action failures clearly occurred more frequently in the fatal sample (6%)
than the non-fatal sample (11.1%), mainly because of the greater incidence

of alcohol use by motorists in the fatal sample.

Reactive-~Phase failures. |In 82.6% of the fatal cases and 74.7% of
the non-fatal cases, the motorist's precipitating function failure occurred
during the Reactive Phase. Search, detection, and evaluation failures
together accounted for most of the Reactive-Phase failures. Search fail-
ures accounted for a larger portion of non-fatal than fatal cases, and
detection failures accounted for a larger portion of fatal than non-fatal
cases. These differences are mainly due to the fact that a larger propor-
Tion of fatal accidents occurred at night and involved a detection failure
by the motorist. Whiie the majority of detection failures were due o a
combination of darkness and inadequate bicycle lighting, some were due to
the presence of precipitation or fog. As will be seen later, most of the
motorists' Reactive-Phase search failures resulted from the bicyclists

riding in unexpected locations in the traffic environment.

ft can be seen in Table 27 that evaluation failures occurred during
the Reactive Phase with about the same frequency for fatal and non-fatal

accidents. The evaluation failures usually resulfed from a faulty

153



assumption by the motorist that he had been seen by the bicyclist and that
the bicyclist would initiate effective evasive action. Decision failures
and action failures by motorists were found to occur only infrequently

during the Reactive Phase.

I+ was found that 4.5% of the accidents occurred when the motorist
was stopped in an expected location and was struck by the bicyclist. In
some cases of this type, the motorist observed the bicyclist and success-
fully completed all the Reactive-Phase functions. That is, the motorist
observed that the bicycle and motor vehicle were on a collision course and
successfuily brought his vehicle to a complete stop before the collision
occurred. In other instances, the motorist was stopped at a traffic signal,
parked in a legal parking space, or was standing in a queue of other motor
vehicles when the bicyclist collided with the standing motor vehicle. As
was stated earlier, it was judged that these cases involved no function

failure by the motorist.

PREDISPOSING FUNCTION FAILURES

There were some cases in which an operator's suboptimal course led
directly and immediately to the accident. Because of the operator's sub-
optimal pre-crash course, one or both operators had insufficient time to
successfully complete the Reactive-Phase functions once the other vehicle
first became observable. In these cases, it was judged that the precipi-
tating function failure occurred during the Anticipatory Phase.

There were many other cases in which an operator's suboptimal course
was not the most immediate cause of the accident, but contributed to the
accident by a) decreasing the time and spaée that was available to complete
the Reactive-Phase functions or b) by increasing the level of skill required
to complete the Reactive-Phase functions. That is, while there was suffi-
cient time to have successfully completed the Reactive-Phase functions once
the other vehicle first became observable, doing so required far more skill
or a higher level of alertness than would have been required if fthe sub-

optimal course had not been present. The operator's suboptimal pre-crash
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course was considered a predisposing factor in such cases, so it follows
that the function failures that led the operator to select the suboptimal
pre-crash course represent predisposing function failures. By definition,
all predisposing function failures occur during the Anticipatory Phase.

A predisposing function failure was said to have occurred when the following
conditions were present:

® The operator's pre-crash course (path and/or speed) was clearly
less safe than alternative courses that could have been chosen.

® The alternative courses were ones that a normative operator would
consider practical and otherwise acceptable.

m The operator's suboptimal course significantly decreased the time
available for completing the Reactive-Phase functions and/or
increased the skill level or the level of alertness required to
complete the Reactive-Phase functions.

B There was sufficient time for the operator to have avoided the
accident if all the Reactive-Phase functions had been performed
in an optimal fashion.
The distributions of predisposing function failures for both the
bicyclists and the motorists are shown in Table 28. [+ can be seen that
a predisposing function failure by the bicyclist was identified in 41.6%
of the fatal cases and 57.3% of the non-fatal cases. A predisposing
function failure by the motorist occurred far less frequently. 11 can be
seen that a predisposing function failure by the motorist occurred in'15%
of the fatal cases and 9.4% of the non-fatal cases. The differences
between these percentage values and the percentage of cases in which a sub-
optimal pre-crash course was present (shown in the block directly below the
total predisposing failures) represent the percentages of cases in which
the operator's pre-crash course was suboptimal and the precipitating func-

tion failure occurred during the Anticipatory Phase.

Although it was often relatively easy to determine that an operator's
pre-crash path was suboptimal, it was far more difficult to identify the
specific Anticipatory-Phase function failure that caused the operator to
adopt the suboptimal course. Thus, the specific Anticipatory-Phase function
failure could not be confidently identified in a substantial number of

cases. However, based on the cases in which the specific failure could
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TABLE 28

PREDISPOSING FUNCTION FAILURES FOR BICYCLISTS AND MOTORISTS
IN THE FATAL AND NON-FATAL SAMPLES

BICYCLISTS MOTORISTS
PREDISPOSING FATAL INON-FATAL| FATAL |NON-FATAL
FAILURE (N=166) | (N=753) | (N=166) { (N=753)
SEARCH - .5% - 1%
DETECTION —- ——- ——- -
EVALUATION 1.8 24.49 4.29 4.09%
DECISION 1.8% 5.29 1.2% 1.1%
ACTION - 1.3% .6% .3%
UNKNOWN 38.09% 25.99% 9.0% 3.99
TOTAL PREDISPOSING . , , .
FATLURES 41.6% 57.3% 15.09 9.49
TOTAL SUBOPTIMAL . . . .
PRE-CRASH coURSE | 578 69.3Y 21.14 11.3%

be determined, it is clear that "evaluation" was the most frequently
occurring predispoéing function failure. As would be expected, most evalua-
tion failures stemmed from the operator's faulty assessment of the degree

of risk associated with his suboptimal course. A small, but significant,
number of decision failures occurred, indicating the presence of a momen-

tary need that was in direct competition with the need for safety.

ATTRIBUTES OF SUBOPTIMAL PRE-CRASH COURSES

In Section V, the description of individual problem types provides
a clear indication of the attributes of the operators' pre-crash course
that were suboptimal. However, since many of the attributes were not
unique to a single problem type, it is informative to examine a composite

summary of the attributes--pooled across problem types.

The attributes of the bicyclists' pre-crash course that were judged
suboptimal are listed in Table 29. Table 30 lists the attributes of the
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TABLE 29

ATTRIBUTES OF BICYCLIST'S PRE-CRASH COURSE THAT WERE JUDGED SUBOPTIMAL

SUBOPTIMAL ATTRIBUTES OF PRE-CRASH COURSE

FATAL
(N=166)

NON-FATAL
(N=753)

POSITION IN TRAFFIC LANE

TRAVELING AGAINST THE FLOW QOF TRAFFIC

PATH UNNECESSARILY FAR FROM CURB/SHOULDER

RIDING ON SIDEWALK

RIDING IN CROSSWALK

PATH UNNECESSARILY CLOSE TO PARKED MOTOR VEHICLES
OTHER

4.8%
4.8%
1.8%

.6%

19.
4.
3.

.5%
4%
4%

1pex
49
6%

TRAVELING TOQ FAST FOR CONDITIONS

GENERAL

HILL

FAULTY/WET BRAKES
DARKNESS

ROADWAY-SURFACE CONDITION
OPERATOR IMPAIRMENT
FOG/RAIN

NN oI

. 9g**
.4%
T%*
LA%*
.3%
.5%
.3%

OVERT TURNS

SUDDEN AND UNEXPECTED LEFT TURN
UNUSUAL/UNEXPECTED PATH

9.6%
3.0%

10.

ST %

1%

SPEED CONTROL WHEN ENTERING ROADWAY FROM DRIVEWAY,
ALLEY, OR OVER CURB/SHQULDER

FAILED TO SLOW/STOP--NO VISUAL OBSTRUCTION
FAILED TO SLOW/STOP--VISUAL OBSTRUCTION PRESENT

7.2%
7.2%

~N oy

A%
.49

SPEED CONTROL AT SIGNALIZED INTERSECTION

FATLED TQ SLOW/STOP--NQ VISUAL OBSTRUCTION
FAILED TO SLOW/STOP--VISUAL OBSTRUCTION PRESENT

4.2%

A%
4%

SPEED CONTROL AT SIGNED INTERSECTIOQN

FAILED TO SLOW/STOP--NO VISUAL OBSTRUCTION
FAILED TO SLOW-STOP--VISUAL OBSTRUCTION PRESENT

7.2%
. 6%

w

. 9%
.6%*

SPEED CONTROL AT UNCONTROLLED INTERSECTION

FAILED TO SLOW SUFFICIENTLY--NO VISUAL OBSTRUCTION

FAILED TO SLOW SUFFICIENTLY--VISUAL OBSTRUCTION PRESENT

-—

. 9%
J7%*

VERTAKING AND PASSING

PASSING ON RIGHT AT INTERSECTION
OTHER

. 3%
7%

OTHER

CROSSING TRAFFIC LANES BETWEEN STANDING VEHICLES
OTHER

4%
. 3%

*Proportions for the fatal and non-fatal samples are significantly

different (p <.05).

**Proportions for the fatal and non-fatal samples are significantly

different (p <.01).
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motorists! pre-crash course that were judged suboptimal. The percentage
values shown in these fables represent the percentage of cases in the total
sample (fatal and non-fatal) for which the associated attribute was present.
Since a single course may have had more than one suboptimal attribute, the
sum of the percentage values in a column exceeds the percentage of cases in
which a suboptimal pre-crash course was present (see the bottom of Table 28

for the percentage of cases in which a suboptimal course was present).

Suboptimal Attributes of Bicyclists' Pre-Crash Course

When examining the data in Table 29, it should be kept in mind that
the bicyclist's course was judged suboptimal only if safer alternative
courses were available, and only if it was judged that a safety-conscious
bicyclist would have selected an alternate course under the conditions that
prevailed at the time of the accident. Riding in the center of a traffic
lane did not necessarily constitute a suboptimal course. However, riding
in the center of a high~speed traffic lane is not a course that a safety-
conscious bicyclist would select, particularly at night and when riding a
bicycle with inadequate lighting. So, riding in the center of a traffic
lane under such circumstances would be considered a suboptimal course.
The same criteria were used in evaluating courses that involved riding on
the sidewalk, riding in the crosswalk, riding at high speeds, and so on.

Since the data presented in Table 29 are straightforward and easy tfo
interpret, the supporting discussion will be iimited to a few brief explana-
tory comments.

® Traveling against the flow of traffic was a factor in 4.8% of the
fatal and 19.1% of the non-fatal cases. The main reason that
traveling against the flow of traffic proved suboptimal was because
this path placed the bicyclist in an unexpected location--a loca-
tion in the traffic environment that is seldom searched by motorists.

® [n most cases in which the bicyclist was considered to have been
riding unnecessarily far from the curb or shoulder, the bicyclist's
course was judged suboptimal only if the visibility conditions were
poor, the operating speed of motor vehicles traveling the roadway
was high, or both.
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® Riding on the sidewalk was judged to be a suboptimal course only
when the bicyclist's view of intersecting driveways, alleys, or
roadways was obstructed. Even then, the bicyclist's course was
Judged suboptimal only if his speed was considered too fast for
the conditions that were present at the accident location.

® There were many cases in which the bicyclist's speed was judged
to be too fast for the general conditions (roadway configuration
and traffic) that existed at the time and location of the accident.
In other cases, it was judged that the bicyclist's speed was too
fast for a specific condition that existed at the time or location
of the accident. |t can be seen that separate tabulations were
made for the cases that involved a bicyclist who was riding downhill
at an excessive speed, riding excessively fast with faulty or wet
brakes, riding excessively fast during darkness, riding foo fast
for the roadway surface conditions, and so on.

m |t was frequently found that the bicyclist adopted a suboptimal
course when executing a turn. In most instances, the course was
suboptimal because the bicyclist initiated his Turn suddenly and
without warning, often at a location where a motorist would not
expect a bicyclist to turn. In a much smaller number of cases,
it was the specific path that was suboptimal (wide turns, cutting
a corner, and so on).

® One of the most frequently occurring attributes of bicyclists'
suboptimal courses was speed control at intersections. As is
shown in Table 29, speed control was a problem at the junctions of
a driveway/alley and a roadway, at signed and signalized inter-
sections, and at uncontrolled intersections (fwo roadways). In
many cases, the problems created by the bicyclist's failure to slow
or stop were compounded by the presence of visual obstructions that
prevented or degraded the operator's view of the other vehicle.
Consequently, the percentage of cases in which a visual obstruc-
tion was a factor is shown separately in Table 29. Pooled across
all intersection types, speed control at intersections was found
to be a factor in 26.4% of the fatal and 33.1% of the non-fatal
accidents.

Suboptimal Attributes of Motorists' Pre-Crash Course

Since the motorist's pre-crash course was judged suboptimal far less
often than the bicyclist's course, the percentage values shown in Table 30
are much smaller than those shown in Table 29. When the motorist's pre-
crash course was judged suboptimal, the most frequent reasons were because
tThe motorist was traveling too close to the edge of fthe roadway or because

the motorist was traveling too fast for conditions. | can be seen that
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TABLE 30

ATTRIBUTES OF MOTORISTS' PRE-CRASH COURSE THAT WERE JUDGED SUBOPTIMAL

SUBOPTIMAL ATTRIBUTES OF PRE-CRASH COURSE

FATAL
(N=166)

NON-FATAL
(N=753)

POSITION IN TRAFFIC LANE

PATH UNNECESSARILY CLOSE TO EDGE OF ROADWAY
TRAVELING AGAINST THE FLOW OF TRAFFIC

8.4%
4%

2. 1%%*
.6%

SPEED CONTROL WHEN ENTERING ROADWAY FROM DRIVEWAY/
ALLEY

FAILED TO SLOW/STOP--NO VISUAL OBSTRUCTION
FAILED TO SLOW/STOP--VISUAL OBSTRUCTION PRESENT

A%
.8%

SPEED CONTROL AT SIGNALIZED INTERSECTION

FAILED TO SLOW/STOP--NO VISUAL OBSTRUCTION
FAILED TO SLOW/STOP--VISUAL OBSTRUCTION PRESENT

. 9%
1%

.6%

SPEED CONTROL AT SIGNED INTERSECTION

FAILED TO SLOW/STOP--NO VISUAL OBSTRUCTION

.6%

TRAVELING TOO FAST FOR CONDITIONS

GENERAL

PHYSICAL IMPAIRMENT
DARKNESS

ROADWAY-SURFACE CONDITION

7.8%
N el
LT h**
7%

QVERT TURNS

UNUSUAL/UNEXPECTED PATH
SUDDEN/UNEXPECTED TURN

7%
3%

QVERTAKING AND PASSING

OVERTAKING AND PASSING A MOTOR VEHICLE STOPPED AT
A CROSSWALK
OTHER

.8%

_OTHER

STOPPED IN UNEXPECTED LOCATION

.5%

**Proportions for the fatal and non-fatal samples are significantly

different (p <.01).
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these atfributes were present in a'significantly larger proportion of fatal

than non-fatal cases.

The motorist's path was judged to be too close to the edge of the
roadway only if there was ample space for the motorist to have passed the
bicyclist without entering an adjacent parallel or opposing lane of traffic.
There were few instances in which the motorist's speed exceeded the posted
speed limit. However, there were a substantial number of cases, particularly
for fatal accidents, in which the motorist was clearly traveling too fast
for the conditions that existed at the accident location and/or the opera-

tor's physical condition at the time of the accident.

There were relatively few cases in which the motorist's course was
suboptimal because of his speed control when entering an intersection.
Although many accidents occurred because the motorist entered an inter-
section and collided with a bicyclist who had the right of way, most of
the motorists involved in this type of accident stopped or slowed at the

intersection and proceeded only because they failed to observe the bicyclist.

FACTORS CONTRIBUTING TO FUNCTION FAILURES

Table 31 lists the general types of factors that were found to con-
fribute to the operators' function faitures. A more detailed breakdown
of the contributing factors is presented in Appendix D-2. More specific
information about contributing factors is presented in Section V where the

causes of specific problem types are described.

While every attempt was made to develop interview procedures that
would reveal the full complement of contributory factors for an accident
case, it is altogether unrealistic to expect that every factor contributing
to an accident could be identified by even the most successful investiga-
tion. The failure to identify important contributory factors may result
from the operator forgetting pertinent facts, response biases of the
operator, and failure by the Field Investigator to question the operator
about germane conditions and events. The identification of contributory

factors is even more difficult when an interview was not possible.’ When an
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TABLE 31
FACTORS CONTRIBUTING TO PRECIPITATING FUNCTION FAILURES

BICYCLISTS MOTORISTS
FACTORS CONTRIBUTING TO FATAL |NON-FATAL| FATAL |NON-FATAL
PRECIPITATING FAILURE (N=70)* | (N=623)'} (N=124)'| (N=669)®
FAULTY EXPECTATIONS/ASSUMPTIONS | 70.0% | 62.3% | 27.4% | 59.5%
OPERATOR DISTRACTIONS 10.0% | 25.5% 7.3% | 11.9%
FAULTY JUDGMENTS 2.8% 7.2% 3.2% 5.1%
TEMPORARY OPERATOR IMPAIRMENT 2.9% 2.1% 18.5% 3.6%
PERMANENT OPERATOR IMPAIRMENT 1.4% 1.0% .8% .5%
INFORMATION OVERLOAD —-- 2.9% .8% 1.5%
COMPETING NEEDS 1.4% 7.2% | 1.6% 1.4%
DEGRADED VISIBILITY --- 3% | 34.7% 9.9%
VISUAL OBSTRUCTIONS ‘ --- 2.1% 19.4% | 21.2%
VEHICLE HANDLING SKILL

DEFICIENCY (LEADING TO LOSS 4.3% 2.4% --- 1%
OF CONTROL)

OPERATOR/VEHICLE INCOMPATIBILITY| 79 L L
(LEADING TO LOSS OF CONTROL) e

MISUSE OF VEHICLE (LEADING TO 20 . . .
LOSS OF CONTROL) 4:3% 2.4% 7%
VEHICLE FAILURE (LEADING TO L 214 . 3
LOSS OF CONTROL) e s
VEHICLE HANDLING DEGRADED BY

ENVIRONMENT (LEADING TO LOSS 4.3% 1.4% --- .3%
OF CONTROL)

PRIOR COLLISION 1.4% 1.0% .8% ---

1The N on which the percentages are based is the number of cases for
which enough information was available to identify at least one
contributory factor.

operator was killed in the accident or when an operator refused the inter-
view, the only sources of information about contributory factors were the
official fraffic accident report, the interview with the surviving operator,

and interviews with witnesses. While such sources of information are
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useful in defining the traffic context and the operator's pre-crash actions,
they seldom provide useful information about why the operator behaved the

way he did.

" The net result is that the sampling error in identifying contributory
factors is not random. There may be cases in which a factor is erroneously
assumed to be causally related to the accident. But more often, for the
reasons mentioned above, there will be contributory factors that simply
were not revealed by the investigation. |In short, underestimates of the
incidences of a given confributory factor are far more likely than over-

estimates.

For these reasons, the data presented here must be considered conser-
vative estimates of the proportion of cases in which the contributing
factors were present. |f the data indicate that a factor was present in a
large number of cases, it can confidently be concluded that the factor is
an important one, since a factor was not judged contributory unless there
was reasonably strong evidence that it was present and did, in fact,
confribute to a function failure. On the other hand, a factor that was
found to be present only infrequently may be far more important than is
indicated by the data. For instance, there is liftle question that non-
prescribed drugs were present and confributed in more cases than were
identified by this study. Unless the presence of drugs was clearly
established by the investigating officer, it is unlikely that an operator
would admit to having been under the influence of drugs at the time the
accident occurred--whether or not the drugs contributed directly to the

accident.

One other fact should be kept in mind when interpreting the data on
contributory factors. It was found that environmental and vehicular factors
contributed to accidents in two different ways. In some instances, the
environmental and vehicular factors contributed to loss of control of the
vehicle. More frequently, however, the environmental and vehicular factors
served as a distraction or were one of several factors contributing to over-

load of the operator's information-processing capacity.
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The percentage values shown in Table 31 are based on the number of
Céses:for which enough information was available to identify at least one
contributory factor. These N's represent the number of cases in which a
factor had a reasonable chance of being identified, and using them to
compute the percentage values partially offsets the sampling bias discussed
above. The remainder of this section is devoted to observations and

exp lanatory comments concerning the data presented in Table 31.

Faulty Expectations and Assumptions

Faulty expectations and assumptions were the most frequently occurring
contributory factors for both bicyclists and motorists in both the fatal and
non-fatal samples. The operators' faulty expectations and assumptions most
often contributed to search faijures in the Reactive Phase or evaluation
failures in either the Anticipatory or Reactive Phase. It is suggested
that the reader refer to the tables in Appendix D-2 to gain a full apprecia-
tion of the wide range of faulty expectations and assumptions that were
found to be contributory and the relative frequency with which they
occurred. The following brief descriptions exemplify the most frequently
occurring ftypes of faulty expectations and assumptions.

® The operator incorrectly assumed that fraffic on all intersecting
roadways would yield to him, so felt no necessity to search for
traffic approaching on these roadways. This incorrect assumption
was not the result of a misinterpretation of the right-of-way
rules; the right of way did belong to the operator who assumed
that intersecting fraffic would yield fo him.

®m The operator failed to search in the direction of the other vehicle
because it was traveling in an unexpected location, approaching
from an unexpected direction, or both. In most of the cases in
which this contributory factor was present, it was a motorist who
failed to search in the direction of a bicyclist who was riding
on the wrong side of the roadway or (less often) riding on the
sidewalk.

® The other vehicle fturned unexpectedly. The operator observed the
other vehicle, but incorrectly assumed that it would proceed
straight ahead.

® The operator observed that the operator of the other vehicle had
searched in his direction and, therefore, assumed incorrectly tha#
he had been seen by the other operator.
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m The operator incorrectly assumed that a stopped vehicle would
remain stationary until he had cleared the collision path. The
operator assumed that he had been or would be seen by the other
operator; but unlike the faulty assumption described above, this
assumption was not based on an observation of the search pattern
of the other operator.

® The motorist scanned in the direction of a clearly visible bicy-
clist but failed to observe it--presumably because he did not
expect to encounter bicycles in the area (perceptual set, selective
perception, or other similar terms may be used fto describe this
phenomenon).

® The bicyclist failed to search in the direction of the other -
vehicle because he assumed (incorrectly) that a riding companion
would search for hazards and select a safe course.

® The operator incorrectly assumed fthat the immediate area would be
void of all traffic.

® The operator anticipated a turn by the other vehicle, but in-
correctly assumed that it would turn in the opposite direction.

Operator Distractions

Search failures were often due to the presence of specific distrac-
tions. It was found that the most frequently occurring distractor for
bicyclists was another person with whom the bicyclist was interacting--
usually another bicyclist. The most freguently occurring distractor for
motorists was a vehicle or a pedestrian that the motorist considered an
accident threat. Other distractors that were revealed by the study include:
mental activity (non-traffic related); abnormal street surface conditions;
operation of an unfamiliar vehicle; precipitation; carrying an object in
hands (bicyclist only); malfunctioning vehicle; and scenic attractions.

The proportion of cases in which the above distractors (and others) were

found contributory is shown in Appendix D-2.

Faulty Judgments

As would be expected, faulty judgments contributed fo evaluation
failures during either the Anticipatory or the Reactive Phase. The most
common judgmental error was a misjudgment of the risk associated with a

suboptimal pre-crash course. Other judgmental errors that were found
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contributory include: misjudged own vehicle's stopping distance, mis-
Judged the other vehicle's speed, misjudged the lateral space required to
pass, misjudged the relative risk associated with alternative evasive

actions, and misjudged the length of an amber signal phase.

Temporary Operator Impairments

When an operator impairment contributed to an accident, it was most
often a temporary impairment resulting from alcoho!l. Alcohol was a con-
tributory factor for motorists more often than bicyclists and was more
often a factor in fatal than non-fatal accidents. Other temporary opera-
tor impairments that were found to be contributory include drug use,

abnormal emotional stress, and physical fatigue.

Permanent Operator Impairments

Although permanent operator impairments contributed only infrequently,
it was found that a surprising number of bicyclists in both the fatal and
non-fatal samples were mentally retarded or suffering from severe brain
damage--1.4% of the bicyclists in the fatal sample and .8% of the bicyclists
in the non-fatal sample were found To be suffering from a permanent mental
impairment of this type. Other permanent impairments that were found Yo be

contributory include impaired vision, impaired limbs, and impaired hearing.

Information Qverload

Information overload was judged to be a contributory factor in a
relatively small| proportion of the total sample of cases. However, as is
discussed in Section V, there are some problem types for which information
overload was an important contributory factor. In evaluating the contrib-
utory factors for an accident case, it was found to be extremely difficult
to make confident judgments about whether the operator's information-
processing capacity was overloaded. Furthermore, information overload was
not identified as a contributory factor unliess there was clear evidence

that the operator had insufficient time to perform all the traffic-related
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tasks that were required at the time the accident occurred. For these
reasons, it is probable that the percentage values shown in Table 31
represent rather substantial underestimates of the number of cases in

which information overload was a contributory factor.

When it was found that information overioad was present and contrib-
uted to a function failure (usually a search failure or evaluation failure
during the Reactive Phase), the information overload was seldom due to the
characteristics of the traffic environment alone. More often, the informa-
tion overload condition was due to the simultaneous presence of a complex
fraffic environment and one or more of the following factors: excessive
vehicle speed, subnormal operator skill, or subnormal vehicle functioning.
The finding that information overload is seldom due solely to environmental
factors has important implications for countermeasures development. That
is, when information overload is partially self induced, one has the option
of either simplifying the traffic environment or modifying the operator

behavior that partially contributed to the information overload.

Competing Needs

It was found that momentary needs which were in direct competition
with the need for safety sometimes contributed to the operator's function
failure. Competing needs most often contributed to an evaluation failure
during the Anticipatory Phase; the competing need led the operator fo
select a course that was less safe than available alternatives, but was
more suited to his momentary need. As can be seen in Table 31, competing
needs were most often a factor for bicyciists in the non-fatal sample. A
need to conserve time, a need for excitement generated by high speed, and
a need to catch up with a riding companion are examples of competing needs

that were found to be contributory.

Degraded Visibility

Degraded visibility was seldom a contributor to bicyclists' function

failures, but often contributed to motorists!' function failures--particularly
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motorists in the fatal sample. When degraded visibility was a factor, it
always contributed to a detection failure during the Reactive Phase.
Degraded visibility was seidom found to be a contributory factor during

the daytime; but, when present, degraded daytime visibility resulted from
sun glare, precipitation in the form of fog or rain, or deep shadows.
Degraded nighttime visibility was more often a contributory factor. Night-
time visibility was degraded by darkness in combination with inadequate
lighting on the other vehicle (bicycle) and inadequate street lighting.
Degraded nighttime visibility was only infrequentiy found to be the result

of glare from artificial lights.

Visual Obstructions

Reference to Table 31 shows that a visual obstruction was a contrib-
utory factor in one-fifth of the accident cases. An examination of the
accident-generation process revealed that visual obstructions contributed
to motorists' function failures more often than bicyclists' function
failures. This finding was the result of the large difference in speeds
that the vehicles were traveling when they emerged from behind the
obstructing object. Because of the motorists' greater speeds and braking

distances, a far greater preview time is required than for the slower-
moving bicycle. Thus, in many cases, it was found that the bicyclist had

sufficient time for evasive action at the point first observable, but the

motorist did not.

The types of objects most frequently found to obstruct the operator's
view include vegetation, parked motor vehicles, buildings/fences, and
moving/standing vehicles. The operator's view was less often obstructed
by an embankment, a part of the motor vehicle's structure, or street

furniture.

Loss of Vehicle Control

Table 31 lists five factors that contributed to loss of vehicle

control. It can be seen that a relatively small number of accidents were

168



caused by the motorist losing control of his vehicle. When the motorist
did lose control of his vehicle, it was the result of vehicle-handling skill
deficiency, misuse of the vehicle, vehicle failure, or environmental factors
that degraded the handling qualities of the vehicle. Accidents more often
resulted from the bicyclist's loss of control of his vehicle. In examining
the factors that contributed to the bicyclist's loss of control, it is of
interest to note that none of the five factors listed in Table 31 was
contributory in more than 2.4% of the non-fatal cases or 4.3% of the fatal
cases. This finding is of particular interest since many persons assume
that bicycle/motor-vehicle accidents are frequentiy caused by such factors.
Listed below are observations that tend to disprove many current beliefs
about the frequency with which these factors contribute to loss of control
of the bicycle and a subsequent bicycle/motor-vehicle accident. The
percentage values cited below apply only to the non-fatal cases.

®m [nadequate skill in operating caliper brakes was a ‘factor in 1.4%
of the cases.

®m Riding an oversized bicycle was a factfor in one percent of the
cases.

® |In less than one percent of the cases, the bicyclist lost control
of his vehicle because he was carrying an object in his hands.

8 loss of confrol while performing f¥ricks or stunts was a factfor in
less than one percent of the cases.

m Carrying a passenger on the bicycle led to the loss of control in
less than one percent of the cases.

® Loss of confrol because of a vehicle failure was found in about
two percent of the cases. Of these, nearly all "failures" were
due to faulty brakes or wet caliper brakes.

® Abnormal roadway surface conditions led fo a loss of control in
only 1.4% of the cases.

m A wet roadway, holes or cracks in the roadway, or loose sand or
gravel on the roadway surface seldom contributed to loss of control.
Each of these three factors was a contributor in about .5% of the
cases.
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Prior Collision

In about one percent of the cases, it was found that the bicycle/
motor-vehicle accident was preceded by a collision of one of the vehicles
with another vehicle or object. In most of these cases, the bicyclist
first collided with a curb or another bicyclist before veering into the
path of the motor vehicle. Surprisingly, there was only one case in which
the motor vehicle struck the bicyclist after first colliding with another

motor vehicle.
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SECTION V
DESCRIPTION OF PROBLEM TYPES AND COUNTERMEASURES

This section describes the results of the accident-classification
task described in detail in Section 1ll. It will be recalled that the
objective of the classification task was to study accident cases individ-
ually and to group together accidents whose causes were sufficiently
similar that they would be amenable to the same countermeasures. To
convey the full range of similarities and differences among accident cases,
a hierarchical classification system was developed that consisted of
problem classes, types, and subtypes. Problem classes reflect commonality
at the most general level. Problem types represent variations of acci-
dents within the same class, and subtypes represent variations of accidents ’
within fhe same type. Problem types generally provide the most useful
definition of a problem for which specific countermeasures can be tailored;
but for some kinds of -countermeasures, problem classes or problem sub-

Types may constitute a more meaningful problem definition.

ORGANIZATION AND CONTENT

After a brief overview of the results of the accident-classification
task, each problem type is described and discussed. For ease of exposi-
tion, problem types within the same class are discussed together in a
separate subsection. Each subsection begins with a brief description of
the distinguishing characteristics of the problem class and the similarifies
and differences among the problem types within that class. Then, each
problem type in The class is described in turn. Descriptive data are
presented for each probliem type as required to characterize the target
location(s), the target period(s), the bicyclist target group, the critical
actions of The operators, the function failures, and the factors that
contributed to the function failures. The bicyclist age distributions
were found to vary considerably from one problem type to another, but the

motorist age distributions were highly similar for all problem types.
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Therefore, only bicyclist target groups are mentioned in the problem-type

descriptions.

The descriptions of Problem Types 1 through 25 are accompanied by
perspective drawings that illustrate the traffic contexts in which the
accidents occur and the proximal pre-crash paths of both vehicles. Some
drawings illustrate two or more subtypes of the same problem type. The
illustration of subtypes is accomplished by showing a separate set of
vehicles (a bicycle and a motor vehicle) for each subtype. Each illustra-
tion shows the percentage of fatal and the percentage of non-fatal acci-
dents accounted for by the problem type that is illustrated. When two or
more subtypes are illustrated, percentage values are shown in close
proximity to each vehicle set. These percentage values show the percentage
of cases within the problem type that is accounted for by each subtype;
the combined percentage values for the subtypes shown on each illustration
total 100%. Although the illustrations provide a useful aid in under-
standing how accidents of a given type occur, the reader is cautioned
against using The illustrations to draw inferences about the characteris-—
tics of the roadway(s), the presence or absence of visual obstructions,

the exact impact points, the exact collision points, and so on.

The problem-type descriptions for each class are followed by a
discussion of the countermeasure approaches that appear to have the poten-
tial for reducing the incidence of one or more problem types within that
class. A deliberate attempt has been made to avoid being overly restric-
Tive when identifying countermeasure approaches. Thus, countermeasures
have been listed that many readers may consider impractical or altogether
impossible. The authors would probably agree with most readers' assessments
of the relative merits of the countermeasures, but it was deemed more

important to be comprehensive than evaluative at this stage of development.

Appendix D-3 contains a "Data Summary Sheet" for each problem type.
For all problem types except Problem Type 13, a Data Summary Sheet was
prepared only for the non-fatal cases. Except for Problem Type 13, the

number of fatal cases for individual problem fypes was foo small fo warrant
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a separate summary sheet for fatal accidents. There were only a few
instances in which the data revealed important differences between fatal
and non-fatal accidents of the same problem type, and these differences
are discussed in tThe Text. Therefore, unless stated otherwise, the infor-
mation presented on the Data Summary Sheets can be considered equally
applicable fo fatal and non-fatal accidents. The Data Summary Sheet for
each problem type contfains the following information.

B Target location(s)--A description of the type of location(s) at
which the accidents occurred and the proportion that occurred at
each location.

® Target Period--The time period during which accident (ikelihood
is greatest, if any.

B Target Groups—-The 5th, 25th, 75th and 95th centile age is shown
for both operators.

®m Function Failures--The types and relative frequency of both
predisposing and precipitating function failures.

® Contributing Factors--The types and relative frequency of factors
that contributed to the function failures.

® Suboptimal Pre-Crash Course--The proportions of motorists and
bicyclists whose pre-crash course was judged suboptimal.

OVERVIEW

The classification system that was develobed consisted of seven
problem classes and 36 mutually exclusive problem types; most probtem
types had two or more subtypes. For six of the classes (Class A through
Class F), the problem types within the same class exhibit commonality in
some of their important atftributes. The remaining class (Class G) contains
all the problem types that could not meaningfully be classified into any
of the other classes. In short, commonality was not the basis for

classifying problem types into Class G.

The information available for the non-fatal cases was sufficiently
complete to enable the project staff to classify all but 14 of the accident
cases into one of the 36 problem types. Thirteen of these cases were
classified into an "Other" category within Class B, and the remaining case

was classified into a "Type Unknown'" category within Class D. The
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information available for the fatal cases was sufficient to classify all
but 21 cases into one of the 36 problem types. Two of these cases were
classified Into an "Other" category within Class B, and seven cases were
classified into a "Type Unknown" category within Class D. The information
for 12 of the cases was so incomplete that it was not possible to classify

the cases into either a problem class or a problem type.

Table 32 shows the percentages of cases in the fatal and non-fatal
sampies that were accounted for by each of the 25 most frequently occurring
problem types.. The problem types are listed in rank order, with a rank of
"I" assigned to the problem type that accounted for the largest proportion
of cases. Adjacent to each rank-order number is shown the problem—-type
identification number and the percentage of cases accounted for by that
problem type. The column entitled "Cumulative Percent" shows the percent-

age of cases accounted for by the "N" highest ranking problem types.

It can be seen in Table 32 that a large proportion of the cases was
classified into a relatively small number of problem types. For instance,
the five highest ranked problem types accounted for 51.7% of the fatal
cases and 42.1% of the non-fatal cases. Similarly, the ten highest
ranked probiem types accounted for 66.7% of the fatal cases and 63.8% of
the non-fatal cases.

Although it was expected that some problem types would account for
a far greater proportion of cases than others, it was somewhat surprising
to find that the relative ranking of some problem types differed greatly
for the fatal and non-fatal samples. Some persons have voiced the
altogether reasonable assumption that the degree of injuries sustained in
a bicycle/motor-vehicle accident is mainly a function of chance, and that
the likelihood of fatal injuries remains more or less constant for all
types of bicycie/motor-vehicle accidents. Although logically appealing,
this assumption clearly is not valid. The data in Table 32 show that
some problem types accounted for a far greater proporfion of fatal cases
than non-fatal cases. Conversely, not a single fatal case was found for
some of the problem ftypes that accounted for a large proportion of the

non-fatal cases. The reasons for these large differences will become
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TABLE 32

PERCENTAGE OF CASES ACCOUNTED FOR BY THE 25 MOST

FREQUENTLY OCCURRING PROBLEM TYPES

FATAL (N = 166)

NON-FATAL (N = 753)

PROBLEM PROBLEM
RANK-ORDER TYPE CUMULATIVE TYPE CUMULATIVE
NUMBER NUMBER PERCENT PERCENT NUMBER PERCENT PERCENT
1 13 24.6 24.6 10.2 10.2
2 18 8.4 33.0 10.2 20.4
3 5 7.8 40.8 18 8.4 28.8
4 1 6.7 47.5 23 7.6 36.4
5 14 4.2 51.7 1 5.7 42.1
6 4 3.6 55.3 24 5.6 47.7
7 20 3.6 58.9 8 5.3 53.0
8 19 3.0 61.9 13 4.0 57.0
9 2 2.4 64.3 26 3.6 60.6
10 3 2.4 66.7 2 3.2 63.8
11 7 2.4 69.1 19 3.2 67.0
12 15 2.4 71.5 6 3.1 70.1
13 26 2.4 73.9 25 2.8 72.9
14 16 1.8 75.7 3 2.5 75.4
15 24 1.8 77.5 4 2.5 77.9
16 28 1.8 79.3 16 2.0 79.9
17 9 1.2 80.5 7 2.0 81.9
18 12 1.2 81.7 17 2.0 83.9
19 21 1.2 82.9 10 1.9 85.8
20 6 .6 83.5 15 1.7 87.5
21 17 .6 84.1 20 1.5 89.0
22 22 .6 84.7 22 1.3 90.3
23 25 .6 85.3 21 1.1 91.4
24 27 .6 85.9 36 1.1 92.5
25 29 .6 86.5 27 .9 93.4
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clear when the characteristics of the problem types are described in the

following pages.

CLASS A PROBLEM TYPES

Table 33 lists the generic titles of the four Class A problem types,
and shows the proportions of cases in the fatal and non-fatal samples that
were classified into each problem fype. The proportion of cases in the

total class is shown at the bottom of the table.

All Class A accidents occurred at a mid-block location shortly

after the bicyclist entered the roadway from a driveway, alley, or over

a curb or shoulder. |In almost every case, the bicyclist entered the road-
way without slowing, stopping, or searching for oncoming traffic. Because
of the bicyclist's suboptimal pre-crash course (path and/or speed), the
motorist had insufficient time to avoid the accident once the bicyclist
became visible and the bicyclist's intended path became apparent to the
motorist. The function failures and contributing factors are similar for
the four Class A problem types. The main differences among the problem
types are the type of location at which the bicyclist entered the roadway,
the factors that served to limit the operator's preview time,}* and the
bicyclist target group.

TABLE 33
PROBLEM CLASS A--BICYCLE RIDEOUT: DRIVEWAY, ALLEY, AND OTHER MID-BLOCK
FATAL ~ |NON-FATAL
(N=166) | (N=753)
TYPE 1 BICYCLE RIDEOUT: RESIDENTIAL DRIVEWAY/ALLEY, 6.7% 5.7%
PRE-CRASH PATH PERPENDICULAR TO ROADWAY
TYPE 2 BICYCLE RIDEOUT: COMMERCIAL DRIVEWAY/ALLEY, 2.4% 3.2%
PRE-CRASH PATH PERPENDICULAR TO ROADWAY
TYPE 3 BICYCLE RIDEOUT: DRIVEWAY/ALLEY APRON, 2.4% 2.5%
PRE-CRASH PATH PARALLEL TO ROADWAY
TYPE 4  BICYCLE RIDEOUT: ENTRY OVER SHOULDER/CURB 3.6% 2.5%
TOTAL CLASS (N: FATAL = 25; NON-FATAL = 105) 15.1% 13.9%

%The term "preview time" is used here to refer to the time available
between the point at which the operator first observed the other vehicle
and the point at which the collision occurred.
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PROBLEM-TYPE DESCRIPTIONS
Problem Type 1 (6.7% Fatal; 5.7% Non-Fatal)

Figure 26 illustrates the traffic context and critical actions for
Problem Type 1. Accidents of this type occur when the bicyclist rides
straight out of a residential driveway or alley and collides with a motor
vehicle approaching from the left or right. Figure 26 shows that 72% of
the collisions occurred in the first half of the roadway (the half nearest
the point at which the bicyclist entered the roadway); the remaining 28%

occurred in the second half of the roadway.

Problem Type 1 includes only the bicycle rideout accidents that
occurred at the junction of a roadway and a residential driveway (48%), a
residential alley (33%), or a driveway serving a rural residence (19%).

Seventy-nine percent of the cases occurred on a two-lane'® urban street

28%

FATAL=6.7% \ Z

NON-FATAL=5.7% -

/

Figure 26. Illustration of Problem Type i, Bicycle Rideout: Residential
Driveway/Alley, Pre-Crash Path Perpendicular to Roadway.

'SUnless stated otherwise, all the roadways referred to throughout this
section are two-way roadways.
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with light traffic and a posted speed limit of 25 MPH or less; 19% occurred
on a two-lane rural roadway; and two percent occurred on an urban street
with more than two lanes. Accidents of this type occurred almost exclu-
sively during daytime hours, and the frequency of occurrence was greatest
in the afternoon; 95% of the cases occurred during the daytime and 84%
occurred between 2:00 PM and 7:00 PM.

A visual obstruction was a contributing factor in 63% of the acci-
dents; parked motor vehicles and vegetation were the most common types of
obstructing objects. When the operators' views were not obstructed, the
accident was usually the result of one or both operators' failure to seafch
in the direction of the other vehicle until an accident was imminent. In
about nine percent of the cases, the motorist observed the bicyclist early
enough to have avoided the accident, but proceeded with the assumption

that the bicyclist would slow or stop before entering the roadway.

The motorist's failure to search in the bicyclist's direction was
usually due to his expectation that all traffic entering the roadway from
intfersecting driveways and alleys would yield the right of way. In short,
the motorist did not search in the bicyclist's direction because he saw
no necessity to do so in that traffic context. The factors that confrib-
uted to the bicyclist's failure to search are more numerous and complex.
The most common contributing factors revealed by the interviews include:

® Distracted by riding companion or pedestrian (26%),

Distracted by play activity (19%),

Distracted by factors other than play or interaction with another
person (16%),

Assumed area would be void of traffic (19%), and

Assumed riding companion would search (13%).

Accidents of this type nearly always occurred close to the bicyclist's
home; many occurred as the bicyclist was exiting the driveway serving his
own residence. Consequently, most bicyclists were thoroughly familiar with
the physical and operational characteristics of the accident location.
Mainly because of his familiarity with the area, the bicyclist did not
consider either the environment or his actions to be particularly hazardous.

Therefore, risk assessment rather than risk acceptance must be considered
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an imporfanf factor for Problem Type 1. Although the bicyclists' actions
would be perceived as risk-taking behavior by adults, it would be mis-
leading to suggest that the bicyclists who were involved in this type of
accident were any more willing to engage in risk-taking activities than

the general population of bicyclists in the same age group.

Problem Type 1 involved bicyclists who were younger than those
involved in any other problem type. The median age of the bicyclists was
9.8 years, and about five percent were five years of age or younger. Fewer

than five percent of the bicyclists were 16 years of age or older.

Problem Type 2 (2.4% Fatal; 3.2% Non-Fatal)

As is shown in Figure 27, Problem Type 2 occurred in much the same
way as Problem Type 1. The distinguishing characteristic of Problem Type
2 is that all the collisions occurred at the junction of a roadway and a
commercial driveway (75%) or alley (25%). That is, the bicyclist rode
straight out of a commercial driveway or alley into the approaching motor

vehicle's path.

The accidents occurred with about equal frequency on two-lane urban
streets (54%) and urban streets with more than two lanes (42%). But, in
either case, the roadway was usually carrying moderate to heavy traffic
at the time the accident occurred. Accidents of this type nearly always
occurred during the daytime (96%) and the frequency was clearly greatest
between 2:00 PM and 5:00 PM (58.4%).

In 39% of the cases, the motorist's preview time was criticaily
limited by a visual obstruction. Parked motor vehicles, fences, and walls
were the most common types of visual obstructions. The remaining 61% of
the cases occurred even though the visibility condiftions were good and the
operators had a clear view of the ofher vehicle long before the collision
occurred. About eight percent of the motorists observed the bicyclist in
time enough to have avoided the accident but incorrectily assumed that the
bicyclist would stop or turn at the junction. In about 42% of the cases,

however, the motorist failed to search in the direction of the clearly
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FATAL=2.4%
NON-FATAL=3.2%

Figure 27. Illustration of Problem Type 2, Bicycle Rideout: Commercial
Driveway/Alley, Pre-Crash Path Perpendicular to Roadway.

(NOTE: The building was drawn in the above illustration to indicate that
this type of accident occurs at the junction of a commercial rather than
a residential driveway/alley. Although a building sometimes obstructed
the operator's view in accidents of this type, buildings were not the
most frequent type of obstructing object.)

visible bicyclist because he assumed that all +raffic entering the roadway

from intersecting driveways would yield fo him.

The bicyclist's suboptimal course and his failure to search were
the result of a wide range of different factors. The most common are
listed below.

Distracted by play activity (23%),

Distracted by riding companion (23%),

Competing needs--need to catch up with riding companion (15%), and
Competing needs--need for excitement generated by high speed (15%).

There were few cases in which the presence of information overload
could clearly be established from the interview data. That is, few bicy-
clists believed that their information processing capacity was severely
taxed by the information processing requirements that existed at the time

of the accident. Even so, the authors believe that it is probable that a
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substantial portion of the bicyclists were heavily loaded (if not over-
loaded) by the task of entering a heavily ftrafficked, multiple-lane road-
way, and That information overload or attentional conflict often contributed

to the bicyclist's search failure.

Although the bicyclists involved in Type 2 accidents were usually
Juveniles, there was a substantial number who were in their late teens or
older. The median age of the bicyclists for this probliem type was 13.8
years; five percent of the bicyclists were seven years of age or younger,

and five percent were 25 years of age or older.

Problem Type 3 (2.4% Fatal; 2.5% Non-Fatal)

Problem Type 3 is similar in many respects to Problem Types 1 and 2.
As is illustrated in Figure 28, the distinguishing characteristic of
Problem Type 3 is that the bicyclist entered the roadway from a parallel
stdewalk by way of a driveway apron. About three-fourths of the collisions

occurred in the near lane(s) and one-fourth occurred in the far lane(s).

26%

xg&
FATAL=2.4% A

NON-FATAL=2.5% -

Figure 28. Illustration of Problem Type 3, Bicyele Rideout: Driveway/
Alley, Pre-Crash Path Parallel to Roadway. '
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Problem Type 3 includes accident cases that occurred at either a residential
or a commercial driveway, but most accidents (89%) occurred at a residential
driveway. (In This respect, Problem Type 3 is most similar to Problem

Type 1.) Eighty-four percent of the collisions occurred on a two-lane
residential street; the remaining 16% occurred on a roadway with more than
two lanes. Eighty-nine percent of the accidents occurred during the day-
time; 63% occurred between 2:00 PM and 7:00 PM.

Like the previous ftwo problem types, there were many cases (47%) in
which the bicyclist's pre-crash course combined with visual obstructions
to limit the motorist's preview time to such an extent that there was no
chance fo avoid the accident once the bicyclist emerged from behind the
obstructing object. In 22% of the cases, however, the motorist observed
the bicyclist early enough to have avoided the accident, but incorrectly
assumed that the bicyclist would continue riding on the sidewalk. In 17%
of the cases, the bicyclist was visible, but the motorist failed to search
in his direction because he assumed that all intersecting traffic would

yield to him.

Even when visual obstructions were present, there were many instances
in which the bicyclist could have observed the motor vehicle early enough
to have avoided the accident. Thus, search failures accounted for 72% of
the bicyclist!s precipitating function failures. Most of the bicyclists!'
search failures were due to the presence of some type of distractor. The
most frequent distractors were interacting with another person (36%), play
activity (27%), and non-traffic-related mental activity (18%). In 18% of
the cases, the bicyclist failed to search because he incorrectly assumed
that a riding companion would search for hazards and select a safe course

Through the accident area.

The bicyclists who were invoived in Type 3 accidents were slightly
older than those involved in Type 1 accidents, buf were younger than those
involved in Type 2 accidents. For Problem Type 3, the median age of the
bicyclists was 11.5 years. About five percent of the bicyclists were
five years of age or younger, and about five percent were 16 years of

age or older.
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Problem Type 4 (3.6% Fatal; 2.5% Non-Fatal)

All Type 4 accidents occurred shortly after a bicyclist entered the
roadway over a curb (74%) or shoulder (26%) at a mid-block location.
Thirty-seven percent of the bicyclists stopped or slowed before entering
the roadway; the remaining bicyclists made no attempt to slow their speed.
As is shown in Figure 29, the bicyclist's pre-crash path was sometimes
parallel to the roadway (42%) and sometimes perpendicular to it (58%).

This type of accident most often occurred on a two-lane urban street (74%),
but occasionally occurred on an urban street with more than two lanes (10%)
or on a rural roadway (16%). Ninety-five percent of the accidents

occurred during the daytime; 68% occurred befween 3:00 PM and 6:00 PM.

The motorist's preview time was critically limited by visual obstruc-
tions in 41% of the cases: a parked motor vehicle was the most common type
of visual obstruction. In 32% of the cases, the motorist observed the
bicyclist well in advance and could easily have avoided the accident had

he known that fthe bicyclist would enter the roadway. In the remaining 21%

FATAL=3.6%

NON-FATAL=2.5% \_/

Figure 29. Illustration of Problem Type 4, Bicycle Rideout: Entry Over
Shoulder/Curb.
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of the cases, the motorist failed to search in the bicyclist's direction
and therefore failed fo observe the bicyclist (clearly visible) until it

was too late to avoid the accident.

The objects that obstructed the motorist's view also obstructed the
bicyclist's view in many instances (26%); but in the majority of cases,
the bicyclist made no attempt to search in the motorist's direction before
entering the roadway (53%). Of the factors that were found to contribute
to the bicyclists' function failures, 67% were found to be distractions of
one type or another. A wide range of distractors were revealed by the
data, but there was no single type of distractor that was clearly more
important than any other. Surprisingly, there were few bicyclists who
reported that they were distracted by the act of riding over the curb or
shoutder. |t seems almost certain that most bicyclists' attention would
be focused on the curb/shoulder they are preparing fo ride over: +the
closer the bicyclist's position to the curb/shoulder, the more his scan
would be directed downward. Thus, although not directly supported by The
data, it seems reasonable to assume that the bicyclist's failure to search
was often due, in part, to the distractions inherent in the act of riding

over a curb or shoulder.

COUNTERMEASURE APPROACHES FOR CLASS A PROBLEM TYPES
Environmental Changes

Removal of visual obstructions. Visual obstructions were an impor-
tant contributing factor for all four problem types within Class A. [T
follows that the removal of obstructing objects at the target locations
has the potential for decreasing the incidence of Class A accidents. Most
readers will recognize that the widespread removal of visual obstructions
would be costly and politically difficult to accomplish. However, These
facts do not warrant the immediate dismissal of this countermeasure

approach.

Paral lel-parked motor vehicles were the most frequent obstructing

object for all four problem types within Class A. For Problem Types 1
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through 3, the motor vehicle(s) that obstructed the operator's view was
parked close to a residential or commercial driveway/alley junction.
Therefore, prohibition of parking within a fixed distance of driveway/
alley junctions would have a direct Impact on three of the four problem
types. The data indicate that the removal of parked motor vehicles in
close proximity to driveway/alley junctions has the potential for elimi-
nating about 25% of the Class A accidents and about four percent of all
bicycle/motor-vehicle accidents. The minimum size of the restricted
parking area surrounding a driveway/alley junction could be derived
/“aﬁ;lyfically by considering such factors as the operating speed for the
roadway, the distance between the curb and the fraffic lane, the coefficient

of friction for the roadway, and the motorists' reaction fimes.

Since bicyclists can enter the roadway over a curb or shoulder at
virtually any location, parking restrictions that would be effective in
reducing Problem Type 4 accidents would require the prohibition of all
on-street parking. Because the relative frequency of this problem type
is low and because the elimination of all on-street parking would be
totally impractical, it appears that other approaches must be used to
counter. accidents of fThis type. For instance, diagonal parking, as
opposed tTo parallel parking, would discourage bicyclists from entering
The roadway over a curb in areas where all parking spaces are filled most
of the time. That is, bicyclists would find it difficult to enter the
roadway between two diagonally parked motor vehicles without slowing to a

very slow speed.

If this countermeasure approach is to be fully effective, it would
also be necessary to remove or modify objects other than parked motor
vehicles. Vegetation, embankments, walls/fences, and buildings that
obstruct motorists' views of driveway and alley approaches would have to
be removed or modified. The removal or trimming of vegetation would be a
relatively simple matter and could probably be accomplished under the
authority of existing local ordinances. The removal of vegetation that
obstructs vision has the potential for eliminating about 12% of the Class

A accidents and about two percent of all bicycle/motor-vehicle accidents.
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The removal of embankments and structures would be far more difficult.
Although it may be impractical to remove existing embankments and struc-
Tures, it would be possible to establish design standards that would
prevent such obstructions in all new construction. When obstructing
objects cannot be removed or modified, the next best alternative would be
to install signs to warn operators that they are approaching a blind
Junction. Special mirrors that enhance the operator's view at blind

Junctions might prove effective at locations that are severely hazardous.

When assessing the potential gains that would be achieved from the
removal of visual obstructions, it must be kept in mind that more than
one~half of the Class A accidents occurred at locations where no visual
obstructions were present. Thus, without countermeasures to increase both
operators' inclination to search effectively, it is unlikely that Class A
accidents would be reduced in direct proportion fo the number of visual

obstructions removed.

Roadway designs to modify the operator's pre-crash course. One
potentially effective countermeasure approach for Ciass A accidents is to
modify the physical characteristics of the travelway (roadway, driveway,
sidewalk, efc.) In a manner that would effect a desired change in the
operator's pre-crash course. The objective of such changes would be to
modify one or both operator's pre-crash course in a manner that would
serve fo increase the operator's preview time once the other vehicle
becomes observable. While i+ appears that greater gains would be achieved
from modifying the bicyclist's pre-crash course, techniques fto modify the

motorist's course cannot be ignored.

It seems reasonable to assume that accident likelihood for Class A
accidents would be reduced by physical changes that would cause the
bicyclist to reduce his speed upon entering the roadway or cause him fo
enter the roadway at a more beneficial angle. Such changes might be
achieved by one or a combination of the following fTechniques:

®m |nstall removable barriers (gates, cables, etc.) or permanent
speed contro! "bumps" or baffles that would extend across residen-
tial driveway approaches. Such devices would be installed on
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private property and would be designed such that bicyclists would
not or could not ride over or around them without reducing their
speed substantially. Since Type 1 accidents often occurred as the
bicyclist was exiting the driveway of his own residence, these
devices may prove cost effective if installed only by parents of
the young bicyclists who constitute the target group for Problem
Type 1.

® |nstall speed-control "bumps" or baffles across sidewalks at
locations where sidewalks intersect driveways or alleys. The
purpose of such devices would be to reduce the speed of bicyclists
who may turn suddenly from the sidewalk and enter the roadway by
way of a driveway/alley apron (Problem Type 3). The main diffi-
culty with this approach is the development of devices that would
cause bicyclists to reduce their speed but would not create a
safety hazard for pedestrians.

® |nstall speed-control "bumps" or baffles across driveway/alley
aprons at a location close to the roadway. Such devices would
have an impact on all Class A accidents except those in which the
bicyclist enters the roadway over a curb or shoulder (Problem
Type 4). Devices of this type have the potential for eliminating
82% of the Class A accidents and at least 11% of all bicycle/
motor-vehicle accidents. The authors believe that this approach
has a greater potential for reducing Class A accidents than any
other physical change discussed here.

B Barriers that would prevent bicyclists from entering the roadway
at points other than driveways or alleys would be effective for
Problem Type 4 accidents, but would be excessively. expensive
considering the infrequency with which accidents of this type
occur. For new roadways, it may be possible to develop curb
designs that bicyclists would not, or could not, ride over without
reducing their speeds substantially.

® Develop driveway entrances that would force the bicyclist to enter .
the roadway at an oblique angle, facing fraffic approaching in the
near traffic fane. This approach would direct-the bicdyctists gaze
at motor vehicles approaching in the nearest traffic lane and, if
the bicyclist continued into the roadway at an oblique angle,
would increase slightly the distance the bicyclist would travel
prior fo intersecting the motorist's path. An obvious problem
with this approach is that an oblique driveway entrance would be
inconvenient for motor vehicles. In addition, if an accident . .
should occur, the oblique entry would result in a somewhaf greaTer
impact velocity than a perpendicular entry.

AN

If preview time is to be increased by modifying the motorist's pre-
crash course, it would be necessary to reduce the speed of the motor

vehicle, increase the distance between the motor-vehicle's path and the
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edge of the roadway, or both. Although most Class A accidents occur in
areas where the speed |imit already is low, a further reduction in the
posted speed limit for selected target areas might be acceptable to road-
way users. Another approach to modifying the motorist's pre-crash course
would involve the development of techniques for inducing the motorist to
slow his speed only at "blind" junctions. This might be achieved with
special pavement markings that would alert the motorist that he is
approaching a blind driveway/alley junction. To alert motorists that they
are approaching a junction that may be obscured by parked motor vehicles,
it would be necessary to mark nearly every driveway/alley junction.
Although marking every "potentially blind" driveway/alley junction may
not prove cost effective, it may be feasible to mark all junctions that
are obscured by a permanent object that cannot easily be removed or

modified.

A complementary technique would involve defining the boundary of
travel lanes in a manner that would provide the largest possible "buffer
zone" between the traffic lane and the nearest curb. On wide streets, it
would be possible To use painted stripes to define the right-hand edge of
the traffic lane such that fraffic would be forced as far to the center of
the roadway as is possible without creating a safety hazard. On narrow °
streets, a single lane could be defined in the center of the roadway which
would be used by vehicles traveling in both directions except when
approaching vehicles must pass one another. The latter solution would be

most effective on one-way streets.

Most persons evaluate on-street bicycle lanes in terms of their
potential for eliminating accidents in which a motor vehicle overtakes
and collides with a slower-moving bicycle traveling in the same direction.
However, a greater benefit of on-street bicycle lanes may be their provision
of a buffer zone of the type discussed above. Whereas on-street bicycle
lanes may not have a significant impact on overtaking accidents (Class D),
they could have a large impact on all "mid-block rideout" accidents (Class

A) and some "“intersection rideout" accidents as well (Class B).
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Bicycle Modifications

A study of the problem types within Class A clearly indicates the
need for two ftypes of bicycle modifications. First, a method is needed to
increase the vertical dimension of the bicycle-bicyclist unit such that a
reasonably large and clearly visible portion of the unit would appear
above parked motor vehicles and other low-lying visual obstructions. The
safety flags presently on the market appear to have potential utility for
This purpose, but no information is available concerning their effectiveness.
Some expert bicyclists believe that the size of the flag and supporting
antenna are so small that they would setdom be observed by motorists even
though they are higher in elevation fthan intervening obstructions. The
effectiveness of safety flags probably could be improved if they were
augmented with a small mutli-directional strobe |ight mounted on the Tip
of the antenna. Adult bicycling enthusiasts would be reluctant to use
safety flags because of the weight, the extra drag, the noise, and the
inconvenience they create when mounting and dismounting. However, it is
believed that the juvenile bicyclists who typically are involved in Class
A accidents would not be strongly opposed to a safety flag mounted on

their bicycle.

A second requirement is fto increase the daytime conspicuity of the
bicycle-bicyclist unit. As the term is used here, conspicuity refers to
the "attention-getting quality" of the bicycle-bicyclist unit--particularly
when the unit appears in the motorist's peripheral field of view. Since
color cannot be discriminated when an object is viewed peripherally, it
appears that brightness contrast, movement, and size are the parameters

that must be manipulated in order to increase bicycle conspicuity.

The authors have been unable to define a simple and inexpensive
technique that they are confident would (a) increase conspicuity, and (b)
always be present on the bicycle or bicyclist. Bright clothing does not
- appear fo be a potentially effective technique, because it would be diffi-
cult to induce young bicyclists to always don a special type of clothing

each time they chose to ride their bicycles. Painting the bicycle a bright
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color would have |ittle effect because of its small size; and increasing
the size of the bicycle does not seem feasible. A powerful multi-
directional strobe light should prove effective in attracting motorists'
attention. However, such a defice undoubtedly would be costly and diffi-
cult to maintain, considering the manner in which many juvenile bicyclists
use their bicycles. Nevertheless, the cost may be more than offset by

the benefits in reducing Ctass A accidents and other types of accidents

which are discussed later.

Education and Training

It seems clear that the education and training of motorists and
bicyclists would prove effective in reducing the incidence of all four
probiem types within Class A. However, it is also possible that educating
and training could prove effective for the parents of juvenile bicyclists,
law enforcement officers, and bicycle-design engineers. The objective of
an education and training program for each of these groups is\discuSsed

briefly below.

Bicyclists. |f education and training of bicyclists is to be effec-
tive in reducing Class A accidents, it must be administered at a very - ..

early age-~preferab|y in kindergarten and certainly not fater than. the

fourth grade., For instance, consider the age of the bicyclist for Problem
Type P Thé dafa showed that more than five percent of the Type T aCC1denTs

Task.

- Tere were' very few Instances in which a bicyclist rode lnto
vehicle's path be&ause he misjudged the motor vehicle's approach vefocify
Therefore, it seems reasonable to assume that most Class A accidents woufd
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be avoided if the bicyclist could be taught to stop at the edge of the
roadway and search carefully for oncoming motor vehicles. In fact, sub-
stantial gains would probably be achieved if the bicyclist could merely

be induced to stop at the junction or slow his speed considerably, thereby
giving the motorist sufficient time to observe the bicyclist and initiate
evasive action. To counter Class A accidents, an ideal educational program
for young bicyclists would accomplish at least the following:

m Modify bicyclists' assessment of the risk associated with entering
any roadway at any mid-block location.

® Teach the bicyclist to search for and recognize all types of visual
obstructions and the exact behavioral sequence to follow when
obstructing objects are present.

® Teach the bicyclist the importance of momentary distractions and
how to cope with them.

® Teach the bicyclist the proper behavioral sequence when entering

the roadway when visual obstructions are not present.

Motorists. This study revealed no indication that the motorists who
were involved in Class A accidents were atypical in their skills or their
concern for safety. Even so, it is possible that some accidents of this
type could be avoided if the general motoring public was informed of The
frequency with which Class A accidents occur, where they occur, and the
reasons for which they occur. The main objectives of an education and
training program for the general motoring public would be to:

® Modify motorists' search patterns in a manner that would increase
the likelihood of detecting bicyclists who were riding on the
sidewalk or in intersecting driveways.

m Modify motorists' expectations about bicyclists emerging from
behind visual obstructions suddenly and without warning.

® |nduce motorists to modify their speed and path through high-

hazard areas.

Bicyclists' parents. The education of parents of bicyclists in the
target group could resuit in parents assuming more responsibility for the
bicyclists' training and, more importantly, a greater degree of parental
control of where and how young bicyclists are permitted to ride. Casual

observation indicates that most parents generally recognize that riding
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a bicycle may be dangerous for very young chilidren, but few parents appear
to have a clear understanding of the types of {ocations where bicycle/
motor-vehicle accidents occur or the types of bicyclist actions that

most often lead to such accidents. |+ is altogether possible that mis-
informed parents may be giving their children instructions that are counter-
productive. For instance, the instruction to "ride close to home' may

cause the bicyclist to ride in an area that is less safe than available

alternative areas.

The main objective of a parent-education program is to inform parents
of the frequency with which Class A accidents occur, how they occur, and
why they occur. |f parents are to be effective in educating their children,
they must have a clear understanding of the function failures and con-
fributing factors that lead to an accident. It Is particutarly important
that parents understand that quiet neighborhood streets and thorough

famitiarity with the area do not ensure the bicyclist's safety.

Law enforcement officers. Educating patrol officers about the
importance of Class A accidents and the reasons for which they occur could
prove useful in curtailing the behavior that leads to these types of
accidents. That is, an understanding that many bicycle/motor-vehicle
accidents occur as the SicyclisT enters the roadway would increase the
likelihood that an officer would observe and issue citations to bicyclists
who enter the roadway in an unsafe manner. However, an education and
training program for law enforcement officers must be preceded by the

passage of ordinances that make unsafe entry into the roadway unlawfui.

Bicycle designers. A first step in the development of methods to
increase the vertical dimension and conspicuity of bicycles would be to
educate bicycle-design engineers about the need for such devices. Thus,
persons who are involved directly or indirectly with bicycle design should
be educated on the importance of Class A accidents and the nature of the

accident-generation process for these types of accidents.
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Regulations and Enforcement

Selective prohibition. One sure way of reducing the incidence of
Class A accidents is to prohibit bicyclists from riding on public streets
until they reach a certain age and/or have participated in an effective
bicycle-safety education program. About one-half of the bicyclists who
were involved in Class A accidents were ten years of age or younger. It
seems reasonable to assume that many Class A accidents would not occur if
bicyclists younger than ten or eleven years of age were prohibited from
riding a bicycle on public streets. The "Catch-22" implications of this
recommendation are recognized; that is, bicyclists cannot ride on public
streefs until they are experienced, and they cannot gain the required
experience until they have the opportunity to ride on public streets.
However, it can be convincingly argued that the knowledge and skills
required to avoid Class A accidents would be acquired with very little

training once the bicyclist has reached a certain maturation level.

Traffic regulations. In most states (perhaps all of them), the law
states that a vehicle operator must yield the right of way when entering
the roadway from a driveway or alley. However, as presently written, the
faw does nof require a bicyclist fo stop or even siow to a reasonable
speed unless another vehicle will be affected by his actions. |In short,
the bicyclist has not violated the law when he enters the roadway without
slowing or stopping unless his actions result in an accident or near
accident. As a consequence, an enforcement officer has no firm legal
basis for issuing a citation to a bicyclist who enters the roadway unsafely
when no motor vehicles are nearby. |t appears impossible to establish an
enforcement program that would be effective in reducing Class A accidents
until a law or ordinance is passed that makes it uniawful to enter a road-

way without stopping or slowing.

Additional study will be required to determine whether or not regula-
tions should require all bicyclists to come to a complete stop before
entering the roadway under all circumstances. Certainly, experienced
adult bicyclists would be strongly opposed to a regulation requiring them
to always come to a complete stop before entering a roadway at a mid-block

location.
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Ordinances for removal of visual obstructions. |f progress is to be
made in the removal of visual obstructions that contribute to Class A
accidents, it will be necessary to establish effective and reasonable
ordinances concerning the removal of visual obstructions; and it will be
necessary to develop a program that will ensure the enforcement of these
regulations. Regulations concerning visuél obstructions already exist in

most communities, but are seldom enforced.

CLASS B PROBLEM TYPES

Table 34 lists the problem types within Class B and shows the relative
frequency with which they occurred. The distinguishing characteristic of
all Class B pfoblem types is that the bicyclist entered a controiled inter-
section in an unsafe and usually unlawful manner. |In all Class B accidents,
the motorist and bicyclist were traveling on orthogonal legs of the inter-
section. Problem Tybe 5 includes accidents that occurred at an intersection
controlled by a "stop" or "yield" éign; Problem Types 6 and 7 occurred at
a signalized intersection. All accidents classified as "Other Class B"
also occurred at a'signalized intersection, but these accidents differed
in important respects from the accidents that were classified into Problem

Types 6 and 7.

TABLE 34
PROBLEM CLASS B--BICYCLE RIDEQUT: CONTROLLED INTERSECTION

FATAL {NON-FATAL
(N=166) | (N=753)

TYPE 5 BICYCLE RIDEOUT: INTERSECTION CONTROLLED 7.8% 10.2%
BY SIGN
TYPE 6 BICYCLE RIDEQUT: INTERSECTION CONTROLLED .6% 3.1%
BY SIGNAL, SIGNAL PHASE CHANGE
TYPE 7  BICYCLE RIDEQUT: INTERSECTION CONTROLLED 2.4% 2.0%
BY SIGNAL, MULTIPLE THREAT
OTHER  BICYCLE RIDEQUT: INTERSECTION CONTROLLED 1.2% 1.7%

CLASS B BY SIGNAL, OTHER

TOTAL CLASS (N: FATAL = 20; NON-FATAL = 128) 12.0% 17.0%
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PROBLEM-TYPE DESCRIPTIONS
Problem Type 5 (7.8% Fatal; 10.2% Non-Fata])

Problem Type 5 includes "bicycle rideout" accidents that occurred
at a signed intersection. The approach leg traveled by the bicyclist was
controlled by a "stop" sign in 96% of the cases and a "yield" sign in only
four percent of the cases. The approach leg on which the motorist was
traveling was unconfrolled, except for three percent of the cases which
occurred at an intersection controlled by a four-way stop sign. Eighty-
two percent of the bicyclists entered the intersection without slowing or
stopping; 18% slowed significantly or stopped at the intersection before
riding into the path of the oncoming motor vehicle. More will be said
later about the bicyclist's Speed control upon entering the intersection.
About six percent of the motorists were traveling at a speed that exceeded
the posted limit; but, in the remainingvcases,'The moforist's speed was

judged to be well within the normal range.

Seventy~-five percent of the cases occurred at the junction of a
pair of two-lane streets. |In 17% of the cases, the motorist was traveling
on a four-lane street and the bicyclist was traveling on a two-lane street.
The remaining cases occurred at the junction of a pair of four-lane streets
(4%) or at the junction of a pair of two-lane rural roadways (4%). Most
accidents occurred during the daytime (94%), and they occurred with about

the same frequency throughout the period between 7:00 AM and 7:00 PM.

Figure 30 shows that 22% of the bicyclists were riding facing traffic
prior to Thé accident. Riding facing traffic was an important contributing
factor because it decreased the likelihood that the bicyclist would be
detected by the motorist in this situation. But, the most critical factor
was the bicyclist's failure to slow or stop at the junction. That is,
riding facing traffic confributed to the accident only because the bicyclist
faitled to stop at the junction.

I+ can be seen in Figure 30 that almost ftwo-thirds of the collisions
occurred before the bicyclist reached the center of the roadway. This

finding can be attributed to the fact that motorists approaching from the
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Figure 30. Illustration of Problem Type 5, Bicycle Rideout: Intersection
Controlled by Sign.

left, in the near traffic lane(s), have very little time to initiate evasive
action once it becomes apparent that the bicyclist does not intend to stop.
Motorists approaching from the right have more time to respond because

the bicyclist must travel across an entire traffic lane before he inter-

sects the motor vehicle's path.

Seven percent of the cases classified into Problem Type 5 were
"multiple-threat" accidents--a variation of Problem Type 5 that is not
portrayed in Figure 30. In these cases, a motorist observed the bicyclist
and slowed or stopped to let him pass. The bicyclist observed the motorist
slow or stop, assumed it was safe to cross the roadway, and proceeded into
the intersection where he collided with a second motor vehicle. Every case

of this type occurred in California where motorists are accustomed to
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yielding the right of way fo pedestrians. Apparently, the motorists in
these cases treated the bicyclist as a pedestrian rather than as a vehicle

operator.

The motorist's view of the bicyclist was obstructed in about 31% of
the cases--usually by vegetation. It was surprising to find that parked
motor vehicles obstructed the operator's view in only three percent of
the cases. About five percent of the motorists failed to detect the
approaching bicyclist because of darkness, inadequate bicycle lighting,
or both. In all of the cases that involved obstructions or degraded
visibilify, it was judged that the motorist's preview time was critically
limited and that the accident was imminent at the point at which the

bicyclist could first have been observed/detected.

The motorist had sufficient preview time to have avoided the accident
in the majority of cases. The motorist failed to search in the direction
of the bicyclist (clearly visible) in about 40% of the cases. The
motorist's search failure was usually because he assumed that all inter-
secting traffic would yield the right of way to him, or because the bicy-
clist was riding in an unexpected location (wrong side of street). In 13%
of the cases, the motorist observed the bicyclist soon enough to have
avoided the accident, but failed to initiate evasive action because he

assumed the bicyclist would slow, stop, or turn at the intersection.

The bicyclist's speed control at the intersection is a critical
factor in explaining his role in Type 5 accidents. The classification of
cases in terms of the bicyclist's speed control at the junction revealed
the following variations or subtypes for Problem Type 5:

® Bicyclist stopped and concluded it was safe to proceed (13%)
--Multiple threat (7%)
--Other (6%)

® Bicyclist slowed significantly and concluded it was safe to
proceed (5%)

m Bicyclist failed to slow (82%)
--Attempted to stop but could not (7.8%)
--No attempt to slow or stop (74%)

The bicyclist's function failures are discussed for each of these varia-

tions of Problem Type 5.
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First consider the accidents in which the bicyclist stopped at the
Junction and concluded that it was safe to proceed (13%). More than half
of these accidents were multiple=-threat accidents (described above); the
remainder involved a bicyclist who failed to search properly (3%) or who
misjudged the motor-vehicle's approach speed (3%). Next, consider the
cases In which the bicyclist slowed significantly and concluded it was
safe to proceed (5%). These accidents were due to the bicyclist's failure
to search effectively or his failure to Téke into account the presence of

visual obstructions.

Finally, consider the accidents in which the bicyclist clearly

failed to slow his speed. In 7.8% of the cases, the bicyclist attempted

to stop at the junction but was unable to do so because of a skill defi-
ciency, defecfivé'brakes, wet caliper brakes, wet pavement, or a combinafion
of these. The bicyclist in these cases misjudged his ability to manipulate
the brakes or misjudged stopping distance under the conditions that existed
at the time of the accident. In,74% of the cases, the bicyclist made no
attempt to stop or slow prior to entering the intersection. The iﬁTerview
data clearly showed that the bicyclist's failure fo stop or siow at the

intersection was not the result of his failure to observe the stop sign.

The accidents nearly always occurred at an intersection through which the
bicyclist had ridden many times before the accident; so most bicyclists
knew berfecfly well that a sign was present at that location. Furthermore,
it is clear that the bicyclist's failure to stop was not the result of
ignorance of the law. Even the youngest bicyclist admitted knowing that
the law requires bicyclists to stop for stop signs and to yield the right
of wéy at intersections controlled by a yield sign. So, failure to

observe traffic signs and ignorance of the law definitely are not important

contributing factors for Problem Type 5.

Of the bicyclists who failed to slow or stop, it was judged that
nearly 70% could have avoided the collision if they had searched in the
direction of the motor vehicle prior to entering the infersection. In
the remaining cases, because of the combined effects of the bicyclist's

speed and an obstructed view, it was judged that fthe bicyclist could not
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have avoided The‘accidenf at fthe point where the motor vehicle first could
have been observed. The bicyclist's failure fo siow or stop and his fail~
ure to search must be explained in terms of the following factors:

® Operator distractions (41%)
~-Interacting with riding companion or pedestrian (31%)
--Play activity (3%)

® Faulty expectations/assumptions (32%)
~-Assumed area would be void of traffic (most cases probably)
~-Expected riding companion to select safe course (9%)

® Competing needs (25%)
--Need to conserve time (14%)
~--Need for exeitement generated by hzgh speed (7%)

m Information overload (17%)

Although a variety of factors contributed To-The bicyclist's .failure
to stop at the intersection, it is the authors' opinion that faulty risk
assessment was an overriding factor in most cases. Thiss opinion is based
upcn three facts. First, most accidents occurred at a relatively safe-
appearing intersection: in most cases, the operators were fraveling
residential roadways on which both fraffic volume and operator speeds were
low. Secondly, most accidents occurred at an intersection that the
blcycl|s+ had ridden through many times before the accndenf——probably
without stopping in many instances. Thlrd The bicyclists' self-ratings
provided no indication that their actions were due to a high willingness
to accept risks. For These reasons, it seems reasonable to assume that
the overriding reason for most bicyclists! failure to stop was their
expectation that the rcadway would be void of traffic, Although few
bicyclists admitted to this fact during the interview, the authors believe
that this was due partly to the bicyclist's reluctance to report such an
unrealistic expectation and partly due to the Field lnveéfigafor's failure

to probe on this matter.

Although bicyclists of all ages frequently fail to stop or slow at
signed intersections, Type 5 accidents nearly always involved a juvenile
bicyclist. The median age of the bicyclists involved In this fype of
accident was 11.8 vyears; less than 25% of tThe bicyclists were older than
14 years of age; about five percent of the bicyclists were older than

18 years of age.
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Problem Type 6 (.6% Fatal; 3.1% Non-Fatal)

All accident cases classified into Problem Type 6 occurred at a
signalized intersection. Eighty-three percent of the accidents occurred
as the bicyclist was crossing an intersecting street with four or more
traffic lanes. Although the majority of these accidents occurred during
daytime, 17% occurred during darkness. About 70% of all Type 6 accidents
occurred during the period between 1:00 PM and 7:00 PM.

The distinguishing characteristic of Problem Type 6 is that the
bicyclist entered the intersection as the signal phase was changing and
failed to clear the intersection before the signal turned red. In all
cases, the motorist entered the intersection after the signal controlling
his approach turned green. Problem Type 6 does not include cases in which
The bicyclist entered the intersection more than one or two seconds after
the onset of the red-signal phase. In addition, Problem Type 6 does not
include "multiple-threat" accidents. Multiple-threat accidents were
classified into Problem Type 7 and are described below. As is shown in
Figure 31, 38% of the collisions occurred before the bicyclist reached the
center of the roadway he was crossing; the remaining 62% occurred in the

second half of the roadway the bicyclist was crossing.

fn 78% of the cases, the motorist failed to search in the bicyclist's
direction until it was too late to avoid the accident. In the remaining
cases, the motorist either (a) searched adequately but failed to detect the
bicyclist because of darkness, inadequate bicycle lighting, or both (4%);
or (b) searched for and detected the bicyclist soon enough to have avoided
the accident, but assumed the bicyclist would stop or slow before entering
the motor vehicle's path (13%). The motorist's failure to search in the
bicyclist's direction was due partly to his faulty assumption that all
intersecting traffic would yield to him and partly to information over-
load. |t is clear that the motorist's information processing capacity was
heavily loaded by the requirement to watch the signal, search for pedestrian
and vehicle ftraffic, control the speed and position of his vehicle, and

SO on.
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Figure 31. Illustration of Problem Type 6, Bicycle Rideout: Intersection
Controlled by Signal, Signal Phase Change.

Nearly 57% of the bicyclists failed To search in the direction of
the motor vehicle until an accident was imminent; 30% of the bicyclists
observed the motor vehicle but assumed it would stop or remain stationary
until the intersection was clear. Only four percent of the accidents were
due to an action failure by the bicyclist. The evidence available for
this problem type indicates that some bicyclists failed to stop at the
intersection because they were unaware that the signal had changed since
they last checked it. Other bicyclists knew that the signal had changed
but assumed they could clear the intersection before the termination of
the amber phase. However, because admitting to trying to beat the red
light is more incriminating than admitting to a failure to notice the
signal-phase change, it is not possible to estimate accurately the relative

proportion of the bicyclists who made each type of error. However, it was

201



found that 16% of-the bicyclists were following a riding companion whom

They assumed would search for hazards and select a safe course.

Because of the complexity of the traffic context and the usually
high speed of the bicyclist, it is assumed that information overload con-
tributed to the bicyclist's failure to carefully monitor the traffic

signal, fo search for approaching traffic, or both.

The relatively low incidence of fatal accidents for Problem Type 6
is due To the low motor-vehicle speeds at impact. Because the collision
occurred ‘as the signal phase was changing, the motorist was either
accelerating from a stopped position or, more commonly, had slowed to a
low speed for the red signal and accelerated when the signal turned green

a moment before the collision.

About half the bicyclists involved in Type 6 accidents were juveniles,
and half were young adults or adults. The median age of the bicyclists
was 16.1 years; about 25% were 18 years of age or older. Only five precent
of the bicyclists were younger than 11 years of age. As a group, the
bicyclists involved in Type 6 accidents were considerably older than

those involved in any of the problem types discussed previously.

Problem Type 7 (2.4% Fatal; 2.0% Non-Fatal)

Problem Type 7 is highly similar to Problem Type 6 with respect to
target location, target period, and the nature of the bicyclist's pre-
crash course. Problem Types 6 and 7 differ in one important respect. For
Problem Type 7, the bicyclist's decision to proceed across the intersec-
tTion was influenced by the presence of other motor vehicles that were
stopped at the intersection, apparently waiting for the bicyclist to pass.
The nature of the accident-generation process for Problem Type 7 is
illustrated in Figure 32. 1t can be seen that 14% of the accidents
occurred in the first half of the roadway and involved a bicyclist who
was riding facing traffic. The remaining 86% of the cases occurred in the
second half of the roadway and involved a bicyclist who was riding on the
correct side of the street. |In all cases, the bicyclist passed in front

of one or more stopped vehicles before colliding with the accident vehicle.
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Figure 32. Illustration of Problem Type 7, Bicyele Rideout: Intersection
Controlled by Signal, Multiple Threat.

Standing motor vehicle(s) obstructed the motorist's view of the
bicyclist in 53% of the cases. In these cases, there was no chance for
the motorist o initiate successful evasive action once the bicyclist
emerged from behind the stopped vehicles. In 40% of the cases, it was
Judged that the motorist could have observed the approaching bicyclist,
but he failed to search in the bicyclist's direction. In about seven
pereenf of the cases, the motorist searched in the bicyclist's direction
but failed to detect the bicyclist because of darkness, inadequate bicycle

lighting, or both.
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The standing motor vehicle(s) obstructed the bicyclist's view of the
approaching motor vehicle in nearly 27% of the cases. Given the speed the
bicyclist was fraveling prior to the collision, it was judged that there
was insufficient time to have avoided the accident once the bicyclist
first could have observed the motor vehicle. In 40% of the cases, it was
Jjudged that the bicyclist could have observed the approaching motor vehicle
early enough to have avoided the accident but failed to search in The
direction of the motor vehicle until an accident was imminent. In about
one~third of the cases, the motor vehicle was stopped at the intersection
and was observed by the bicyclist long before the accident: +he bicyclist
proceeded with the assumption That the stopped vehicle would remain

stationary until he had passed.

Unlike Problem Type 6, it was found that only 20% of the bicyclists
underestimated the length of the amber phase. Most bicyclists were per-
fectly aware that the amber phase was about to terminate but assumed that

all motor-vehicle traffic would remain stationary or yield to them.

The bicyclist age distribution for Problem Type 7 was similar to
that for Problem Type 6. The median age of the bicyclists was 15.2 years;
about 25% were 16 years of age or older. Only five percent of the

bicyclists were younger than 12 years of age or older than 33 years of age.

Special Note on Problem Types 6 and 7

The data from the post-crash interviews are not sufficiently precise
to make an accurate determination of whether an excessively short amber
phase contributed to Type 6 and Type 7 accidents. Although most bicyclists
freely admitted that they entered the intersection after the onset of the
amber phase, many reported that they were very close to the junction when
the light changed from green to amber. Judging from the bicyclists' reports,
it appears that the amber phase at some of the accident sites was not long
enough to accommodate the passage of a bicycle plus a reasonable error or

"fudge" factor.
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Based upon analytical considerations alone, the authors believe that
the amber phase on most roadways with four or more lanes is too short fo
permit a slow-moving bicycle to cross the entire roadway during the amber
phase. For instance, a bicyclist traveling at 10 MPH requires 4.1 seconds
to cross a street 60 feet wide. The amber phase on such a street is
usually three seconds and would rarely be greater than 3.5 seconds. So,
even at 10 MPH, the bicyclist has insufficient time to cross a relatively
narrow four-lane roadway. Obviously, many young bicyclists travel at
speeds slower than 10 MPH. For these reasons, it appears that a thorough

study should be made of the adequacy of the amber phase for bicycle traffic.

Other Class B (1.2% Fatal; 1.7% Non-Fatal)

The sample contained a small number of cases in which the bicyclist
entered a signalized intersection well after the onset of the red-signal
phase. Because of the small number of such cases and because of the lack
of commonal ity in the accident-generation process, it was not possible to
define one or more clear-cut probieh fypes for these cases. Therefore,

the cases were classified into "Other Ciass B."

If the data base for bicycle/motor-vehicle accidents is expanded
in the future, it is probable that at least three additional Class B
problem types would be revealed. One type would include cases in which a
bicycle failure or a skill deficiency prevented the bicyclist from stopping
for the red signal. A second ftype would include cases in which the
bicyclist was suffering from a physical or mental impairment (particularly
alcohol) and therefore failed to monitor the signal carefully. A fhird
type would include cases in which the bicyclist knowingly failed to stop
at the intersection because he assumed he could successfully dodge or
otherwise evade approaching motor vehicles. Examples of each of these
types of accidents were found among the cases classified into "Other Class
B." However, the findings of the present study indicate that such probiem
types would occur infrequently. The present data, and other samples of
accident reports that have been examined by the authors, indicate That few

bicycle/motor-vehicle accidents occur when bicyclists enter an intersection
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when the signal is clearly red. Although most readers know that failing
to stop for a red signal is not at all uncommon for bicyclists, the bicy-
clists who engage in this hazardous activity apparently exercise a good

deal of caution when doing so.

COUNTERMEASURE APPROACHES FOR CLASS B PROBLEM TYPES

The evidence is‘clear that Type 5 accidents seldom occur when the
bicyclist stops or slows his speed significantly before entering an inter-
section controlled by a stop or yield sign. Although it is necessary for
bicyclists to search for and evaluate the closing velocity of approaching
motor vehicles, bicyclists usually perform the search and evaluation func-
tions in an adequate manner when they consider it necessary to sliow or
stop at an intersection. Thus, a primary goal of countermeasures for
Problem Type 5 is to induce bicyclists to slow their speed considerably or,
preferably, come to a complete stop before entering a signed intersection.
The other objective of countermeasures for Problem Type 5 is to teach

bicyclists to avoid multiple-threat accidents at signed intersections.

The objective of countermeasures for Problem Types 6 and 7 is to
prevent bicyclists from entering a signalized intersection when it is not
possible for them to clear the intersection before the termination of
the amber phase. An additional objective for Problem Type 7 is To teach
bicyclists and motorists to avoid multiple-threat accidents at signalized

intersections.

N

The objective of countermeasures for Other Class B accidents is fo
prevent bicyclists from entering a signalized inftersection against a red

signal.

Environmental Changes

Roadway designs to modify the bicyclist's pre-crash course. Consid-
erable thought has been given to engineering designs that would cause
bicyclists to reduce their speed or stop at signed intersections, but the

authors have been unable to identify any engineering techniques that would
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be effective, financially feasible, and acceptable to the bicyciing and
moféring public. The speed-control bumps or bafflies mentioned earlier
might cause bicyclists fo reduce their speed, but it would be necessary

to install these devices at a very large number of intersections if they
are to have a significant impact on Problem Type 5. Furthermore, it would
be necessary to place them across the entire roadway since it cannot be
assumed that bicyclists will always be riding close to the right-hand

curb or even on the proper side of the roadway. Such devices almost
cerfainly would be found highly objectionable by motorists, particularly
if it was necessary for motorists to drive over such devices after they
had already passed through the intersection--as would be required if the
devices were placed across the full width of the roadway. Although an
engineering solution to this problem is not apparent at this time, it is
believed that the engineering community should be informed of the problem
and tasked with the responsibility for identifying and evaluating potential

engineering solutions.

Modification of signal phase. An obvious engineering solution for
Problem Types 6 and 7 is to lengthen the amber phase of the traffic signal,
but few fraffic engineers consider this to be a practical solution. The
traffic engineers who have expressed their view on this matter are
unanimous in Their belief that increasing the tength of the amber phase
enough to accommodate slow-moving bicycles would create more problems than
would be solved. They claim that increasing the amber phase by a signifi-
cant amount would seriously degrade the efficiency of the traffic system.
More importantly, the engineers claim that increasing the amber phase
beyond about 4.5 to 5.0 seconds would result in a large number of encroach-
ments by moforists--with a resulting increase in motor-vehicle accidents
at signalized intersections. (A slow-moving bicyclist riding at four MPH

requires about ten seconds to ride across a street 60 feet wide.)

A more feasible engineering solution for Type 6 or 7 accidents is
to provide a special caution signal that would inform bicyclists when They

have insufficient time to clear the intersection before the termination of
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the amber phase. Additional research would be required to identify the
most cost-effective way to provide such a signal. The authors believe that
researchers should first consider the feasibility of employing the existing
pedestrian signal devices to provide caution signais for bicyclists. It

is probable that most bicyclists would be opposed to regulations requiring
them to stop at the onset of the DON'T WALK signal developed for pedestrians.
However, it may be possible to modify the existing timing devices and signs
to provide a special phase and a special message for bicyclists. For
instance, it may be possible to modify the existing devices such that the
message on the pedestrian sign would change from DON'T WALK to DON'T WALK/
RIDE at the onset of the caution phase for bicyclists.

Bicycle Modifications

It was judged that many of the motorists involved in Class B accidents
could have avoided a collision if their attention had been attracted to
the bicyclist and/or if the bicyclist had not been obscured by standing
motor vehicles (multiple-threat accidents). Consequently, devices that
would increase the conspicuity and vertical dimension of the bicycle may
serve to reduce the incidence of Class B accidents——-particularly those
that occur in the second half of the roadway. That is, motorists approach-
ing from the bicyclist's right in the far lane(s) have more time to
respond because the bicyclist must travel across one or more fraffic lanes

before intersecting the motorist's path.

The potential reduction in Class B accidents may not be sufficient
justification for the development and widespread use of devices to increase
the conspicuity and vertical dimension of bicycles. However, the potential
reduction in Class B accidents must be considered when evaluating the total

benefits to be derived from such devices.

Evaluation and Training

Bicyclists. A careful study of the accident-generation process for

Problem Types 5, 6, and 7 shows that these accidents were seldom due to
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the bicyclist's willingness to accept an uncommonly high degree of risk,

and were never due to the bicyclist's misunderstanding of the laws governing
behavior at controlled intersections. Rather, the bicyclist's critical
actions were primarily due to: misjudgment of the risk associated with the
critical action, misjudgment of the length of the amber phase, failure to
recognize a "multiple-threat" situation, competing needs, and momentary
distractions. Therefore, an educational program for bicyclists must be
developed To accomplish The following objectives:

® Modify bicyclists' assessment of the risk associated with entering
a signed intersection without slowing or stopping.

® Modify bicyclists' assessment of the risk associated with entering
a signalized intersection during the amber phase.

® Teach bicyclists to search for and recognize all types of visual
obstructions and the exact behavioral sequence to follow when
obstructing objects are present.

® Teach bicyclists to recognize and cope with a "multiple-threat"
situation at both signed and signalized intersections.

® Teach bicyclists the proper behavioral sequence when entering a
controlled intersection when visual obstructions are not present.

® Teach bicyclists the importance of momentary distractions and

how to cope with them.

If the education is to be received before a significant number of
accidents already have occurred, education to curtail Type 5 accidents must
be introduced during the second or third grade (7- or 8-year-old bicyclists).
Education to curtail Types 6 and 7 accidents may be delayed until the fifth
or sixth grade (10- or 1l1-year-old bicyclists) without sustaining signifi-

cant losses.

Motorists. An education program that would serve to increase
motorists' awareness of multiple-threat situations may prove beneficial in
reducing multiple-threat accidents, particularly at signed intersections.
Certainly, motorists in standing vehicles should be taught to always check
for other approaching motor vehicles before motioning bicyclists to cross
in front of them. I+ may be possible to develop a standardized hand signal
or horn signal that motorists can use to inform bicyclists that it is not

safe to pass. Also, some benefit may result from educating motorists that
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slow-moving bicyclists may not have enough time to clear the intersection

during the amber phase.

Regulations and Enforcement

Existing regulations governing behavior at signed intersections
appear to be adequate. However, the enforcement of these regulations
appears to be inadequate in most areas. Inadequate enforcement is partly
due to the fact that police officers spend a relatively small amount of
time patrolling the residential areas in which Type 5 accidents usually
occur. Inadequate enforcement is also due fo the officer's reluctance to
spend his time issuing citations fo bicycliists. Even when citations are
issued, the Typical penalty is so insignificant that cifaTions are not an
effective deterrent for most bicyclists. Therefore, what is needed is
an enforcement program which ensures that the target areas will be
properiy patrolled, the bicyclists who are observed riding through signed
intersections will be issued a citation, and the citation carries with it
a penalty great enough to deter bicyclists from engaging ih this dangerdus

activity.

The regulations governing bicyclists' behavior at signalized inter-
sections may be inadequate. The present reguiations do not prohibit
bicyclists from entering a signalized intersection during the amber phase.
Until better countermeasures for Problem Types 6 and 7 are developed, it
may be beneficial fto require bicyclists to adhere to the regulations that
apply to pedestrians; e.g., "No pedestrian shall enter the roadway or
cross any part of a roadway, or proceed from or fo a safety zone against

a yellow or caution signal."

CLASS C PROBLEM TYPES

Problem Class C consists of five problem types that together
accounted for 2.4% of the fatal cases and 18.7% of the non-fatal cases.
The Class C problem types are listed in Table 35 along with the proportions

of fatal and non-fatal cases classified into each problem type. All Class C
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TABLE 35
PROBLEM CLASS C--MOTORIST TURN-MERGE/DRIVE THROUGH/DRIVEOUT

FATAL JNON-FATAL
(N=166) | (N=753)
TYPE 8 MOTORIST TURN-MERGE: COMMERCIAL DRIVEWAY/ -—- 5.3%
ALLEY
TYPE 9 MOTORIST TURN-MERGE/DRIVE THROUGH: 1.2% 10.2%
INTERSECTION CONTROLLED BY SIGN
TYPE 10 MOTORIST TURN-MERGE: INTERSECTION CONTROLLED --- 1.9%
BY SIGNAL
TYPE 11 MOTORIST BACKING FROM RESIDENTIAL DRIVEWAY --- .8%
TYPE 12 MOTORIST DRIVEOUT: CONTROLLED INTERSECTION 1.2% .5%
TOTAL CLASS (N: FATAL = 4; NON-FATAL = 141) 2.4% 18.7%

accidents occurred as the motorist entered an uncontrolled roadway from a
driveway, alley, or from a controlled leg of an intersection. Except for
Problem Type 12, all the motorists stopped or slowed significantly at the
Junction before proceeding into the intersecting roadway. In nearly every
case, the motorist entered the intersection without having observed the
bicyclist that was approaching the junction. The motorist's failure to
observe the bicyclist was often the result of the bicyclist's unexpected
location--on the sidewalk or on the wrong side of the roadway. Many of
the bicyclists involved in Class C accidents observed the motor vehicle
soon enough to have avoided the accident, but failed to initiate evasive
action because of the erroneous assumption that they had been or would be

observed by the motorist.

The vast majority of collisions occurred shortly after the motorist
accelerated from a stopped position. This fact accounts for the low inci-
dence of fatalities for Class C accidents. When the motor vehicle struck
The bicycle, The impact velocity was low and the bicyclist usually careened
off the front of the motor vehicle. When the bicyclist struck the motor

vehicle, the impact velocity was solely a function of the bicyclist's
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speed. Apparently, the bicycle speed was not often great enough to produce
fatal injuries. Because of the low incidence of fatal accidents, Class C
accidents must be considered less important than other types of accidents

that account for fewer accidents but more fatal injuries.

PROBLEM-TYPE DESCRIPTIONS
Problem Type 8 (5.3% Non-Fatal; No Fatal)

All of the cases classified into Problem Type 8 occurred as the
motorist was entering a roadway from a driveway that served one or more
commercial establishments. In a slight majority of cases, the motorist
was entering a street with four or more lanes (55%); most of the remaining
cases occurred as the motorist was entering a two-lane street (40%). Only
five percent of the cases occurred on a rural roadway. Ninety-three per-
cent of the accidents occurred during the daytime and 88% occurred between
11:00 AM and 7:00 PM.

It was found that 82% of the motorists came to a complete stop at
the roadway junction. Eighteen percent of the motorists slowed to a low
speed when approaching the junction but failed to bring their vehicle to
a complete halt before proceeding into the roadway. .In every case of this
type, the motorist failed to observe the approaching bicyclist even though
it was judged that fthe search function was performed in a manner that
wouid be considered normal for motorists in fthis situation. As explained
below, the reason for the motorist's faiilure to observe the bicyclist was
found fo differ somewhat for each of the subtypes illustrated in Figure 33.

m Bicyclist on sidewalk approaching from the right (32.5%)--11 was
found that the motorist's view of the bicyclist was obstructed in
over half of these cases. In the remaining cases, the moforist
failed to search far enough along the driveway to observe the
approaching bicyclist. Apparentiy, the motorists searched in a
manner that they considered adequate to detect approaching pedes-
frians. That is, they judged that a pedestrian located more than
a few feet from the driveway junction could not possibly arrive
at the junction before they had passed, so considered it unneces-
sary to scan the sidewalk more than a few feet from the junction.
Because of the search pattern of motorists in this situation, it
is probable that the removal of visual obstructions would have
little effect on the incidence of accidents of this type.
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FATAL=- 0%
NON-FATAL=5.3%

Figure 33. Illustration of Problem Type 8, Motorist Turn-Merge: Commer-
etal Driveway/Alley.

(NOTE: The building was drawn in the above illustration to indicate that
this type of accident occurs at the junction of a commercial rather than
a residential driveway/alley. Although a building sometimes obstructed
the operator's view in accidents of this type, buildings were not the
most frequent type of obstructing object.)

B Bicyclist on roadway approaching from the right (30%)--11 was
found that the motorist's view of the approaching bicyclist was
obstructed in about 25% of the cases. In the remaining cases, the
motorist failed to search in the bicyclist's direction because he
did not expect a hazard fto be approaching from that direction.
This pattern was found to be particularly prevalent when the
motorist was intending to make a right-hand turn. Again, it is
unlikely that the removal of visual obstructions would effect a
reduction in accidents such as these.

213



® Bicyclist on sidewalk approaching from the left (5%)--This variation
of Problem Type 8 occurred so infrequently that it is not possible
to draw valid inferences about the reasons for the motorist's
failure to observe the approaching bicyclist. However, it is
probable that the reasons are the same as for the cases in the
next paragraph.

m Bicyclist on street approaching from the left (22.5%)--In slightly
over half of these cases, the motorist searched in the bicyclist's
direction, but failed to observe the bicyclist even though he was
clearly visible and the lighting conditions were good. Apparently,
the bicyclist's image appeared in the motorist's field of view (on
motorist's retina) one or more times but was not consciously per-
ceived. This phenomenon is sometimes referred to as "selective
perception." In about one-fifth of the cases, the motorist's
failure to detect the bicyclist was because of darkness, inadequate
bicycle lighting, or both. In the remaining cases, the motorist
failed to search in the bicyclist's direction. Surprisingly, not
a single case was found in which the motorist's view of the
bicyclist was ob&tructed. -

m Bicyclist in far lane approaching from the right (10%)--This .
variation of Problem Type 8 occurred infrequently. However, in
every case of this type, it was found that the motorist searched
in the bicyclist's direction but failed to observe him. Only one-
fourth of the cases of this type occurred at night and involved
inadequate bicycle 1ighting. Judging from the characteristics of
the traffic context in which accidents of this type occurred, it
seems reasonable to assume that information overload and/or atten-
fional conflict would be contributing factors in a substantial
number of cases. Information overload is particularly likely in
cases in which the motorist was attempting to turn {eff across a
busy multiplie~lane roadway.

The finding that fewer sidewalk accidents occurred when the bicyclist
was approaching from the motorist's left is a significant finding. There
is no reason to expect that bicyclists ride on the sidewalk in one direc-
tion more frequently than another, so it seems reasonable to conclude that
accident |ikelihood is less when the bicyclist :is traveling in the same
direction as traffic in the adjacent traffic lane. The apparent reason
for this finding is that motorists must search almost 90 degrees to their
left in order to check for traffic that may be approaching in the near
traffic lane. Since the bicyclist is often only a few feet from the
traffic lane, he is likely to be detected, even though the motorist is

mainly concerned with checking for approaching motor vehicles.

214



The bicyclist's preview time was critically limited by a visual
obstruction in about 15% of the cases. In all but one of these cases, the
bicyclist was riding on the sidewalk. In 25% of the cases, the bicyclist
failed to search in the direction of the motorist until an accident was
imminent. In 60% of the cases, the bicyclist observed the motor vehicle
early enough to have easily avoided the accident but proceeded with the
assumption that the motor vehicle would not enter the roadway until he had

_passed. Many of the bicyclists reported that they ftemporarily slowed
their speed until they observed the motorist scanning in their direction.
The eye contact with the motorist led the bicyclist to assume that he had

‘been detected by the motorist when, in fact, he had not.

The data revealed that the bicyclist's decision to ride facing
traffic was based upon convenience rather than ignorance of the law. Every
bicyclist was questioned about this matter, and every bicyclist reported
that he knew--before the accident occurred--that it is unlawful to ride

facing traffic.

Problem Type 8 involves bicyclists whose age varies widely. The
median age of the bicyclists was 15.4 years. Only five percent were seven
years of age or younger, and five percent were 49 years of age or older.

About 50% of the bicyclists were between 13 and 17 years of age.

Problem Type 9 (1.2% Fatal; 10.2% Non-Fatal)

Problem Type 9 was one of the two most frequently occurring problem
types, but only 1.2% of the fatal accidents were classified into this
problem type. The reason for this large difference, as was explained
earlier, is the generally low motor-vehicle speeds and resulfant impact
velocities for accidents that occur in this manner. The nature of the
accident-generation process for Problem Type 9 is highly similar to that
defined above for Problem Type 8. The main difference is that all the
cases in Problem Type 9 occurred at a signed intersection rather than at
the junction of\a roadway and a commercial driveway. For Problem Type 9,

The bicyclist approached the junction on an uncontrolied lteg of the
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intersection, and the motorist approached the junction on an orthogonal

leg that was controlled by a stop sign (97%) or a yield sign (3%). Acci-
dents of this type occurred in both urban and rural areas and occurred on

a variety of roadway types. The characteristics of the uncontrolled road-
way are as follows: (a) a two-lane urban street (46%), (b) an urban street
with more than two lanes (43%), (c) a two-lane rural roadway (8%), and

(d) a rural roadway with more than two lanes (3%). This type of accident
typically occurred during the daytime, but a significant number (17%)
occurred during darkness. Ten percent of the accidents occurred between
7:00 AM and 9:00 AM, and another 66% occurred between 12:00 PM and 8:00 PM.

Ninety-four percent of the motorists came to a complete stop before
entering the infersection, and 95% of the motorists entered the intersection
without having observed the approaching bicyclist. When the motorist
observed the bicyclist before entering the intersection, the accident
occurred because the motorist misjudged the bicyclist's intended path.
Usually, the motorist incorrectly assumed that the bicyclist was going to
turn before intersecting the intended path of the motorist. The reasons
for the motorist's failure to observe the bicyclist before entering the
intersection are described below, within the context of the four subtypes
illustrated in Figure 34.

®m Bicyclist in near lane(s), approaching from the right (54%)--

Although not illustrated in Figure 34, about one—-fifth of these
cases involved a bicyclist who was riding on the sidewalk before
entering the roadway. In the remaining cases, the bicyclist was

in The roadway, riding facing ftraffic. However, the reason the
motorist failed to observe the bicyclist was the same for all of
these cases; namely, the motorist failed to scan in the direction
of the bicyclist because he did not expect a hazard to be approach-
ing from that direction. In this context, the typical motorist
searches to his right for traffic approaching in the far lanes

and to his left for traffic approaching in the near lane; motorists
seldom search 90 degrees to their right because they have seldom,
if ever, encountered a threat approaching from that direction.

® Bicyclist in near lane(s), approaching from the left (22%)--When
The motorist failed to observe the bicyclist approaching from the
left in the near lane, it was most often due to inadequate search
or selective perception. However, about one-third of these cases
occurred during darkness and involved a bicyclist with inadequate
bicycle lighting.
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FATAL= 1.2%
NON-FATAL=10.2%

Figure 34. Illustration of Problem Type 9, Motorist Turn-Merge/Drive
Through: Intersection Controlled by Sign.

® Bicyclist in far lane(s), approaching from the right (16%)-~In
these cases, the motorist's failure to observe the bicyclist was
usually due fto inadequate search; but about one-fourth of the
cases occurred during darkness and involved a bicyclist with
inadequate lighting.

m Bicyclist in far lane(s), approaching from the left (8%)--More
than half of the accidents of this type occurred during darkness
and involved a bicyclist with inadequate lighting. In the remain-
ing cases, the motorist failed to search in the bicyclist's
direction because he did not expect a hazard to be approaching
from that direction.

In 13% of the cases, the bicyclist failed fo search in the motorist's
direction until it was too late to avoid the accident. The bicyclist

proceeded through the intersection without searching, because he knew he

217



had the right of way and assumed vehicles on inftersecting roadways would
yield to him. However, in 83% of the cases, the bicyclist observed The
motor vehicle soon enough to have easily avoided the accident. The
bicyclist's failure to initiate evasive action was due to his faulty
assumption that he had been or would be detected by the motorist, and that
the motorist would remain stationary until he had passed through the
intersection. Surprisingly, nearly all the bicyclists who were riding
facing traffic observed the motor vehicle iong before the collision. All
of these bicyclists were aware that riding facing traffic was unlawful,
but still assumed that they would be observed by the moforist. The faulty
assumption that they would be detected by the motorist was also prevalent

among bicyclists who were riding during darkness.

Problem Type 9 involved an older group of bicyclists fThan any
problem type discussed previously. The median age of the bicyclists
involved in this type of accident was 16.3 years, and few of the bicyclists
were very young. For instance, it was found that less than five percent
of the bicyclists were younger than ten years of age. Slightly over 50%

of the bicyclists were between 13 and 20 years of age.

Problem Type 10 (1.9% Non-Fatal; No Fatal)

Problem Type 10 occurred infrequently and is simple and straight-
forward to explain. In all cases of this type, the motorist came to a
complete stop at a signalized intersection, searched for traffic approaching
from the left in the near traffic lanes, and proceeded to make a right-
tfurn-on-red. |In every case, the motorist failed to observe the bicyclist
before entering the intersection. Figure 35 illustrates that 85% of the
Type 10 accidents involved a bicyclist who was riding facing traffic.
rhe motorist failed to observe the bicyclist because he did not search in
the bicyclist's direction. In 86% of the cases, the bicyclist observed
the motor vehicle, but proceeded through the intersection with the faulty

assumption that he had been or would be detected by the motorist.
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Figure 35. Illustration of Problem Type 10, Motorist Turn-Merge: Inter-
section Controlled by Signal.

Although the sample size was too small to provide an accurate indica-
tion of the age distribution of bicyclists involved in Type 10 accidents,
it was found that the small number of bicyclists who were involved in this
type of accident varied in age from ten years to over 70 years of age.

Very young bicyclists are probably involved in this type of accident only
infrequently, because they seldom ride in the types of locations in which

such accidents occur.

Problem Type 11 (.8% Non-Fatal; No Fatal)

Accidents classified into Problem Type 11 occurred when a motorist
backed from a residential driveway into the path of an approaching bicy-

clist (see Figure 36). All of the bicyclists were riding in the street
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 FATAL- 0%
Luou-rmu.: 8%

Figure 36. 1Illustration of Problem Type 11, Motorist Backing from Residen-
tial Driveway.

and only one bicyclist was riding facing fraffic prior to the collision.
The motorist's view of the bicyclist was degraded in every case. One-
+hird of the accidents occurred during darkness; the motorist's view of
the bicyclist was obstructed by vegetation or parked motor vehicies in all

of the remaining cases.

One of the main reasons for including this problem type was to show
the infrequency with which it occurs. Since bicyclists must encounter
motor vehicles backing from residential driveways very often and since the
motorist's view in this situation is offten obstructed by external objects
or parts of the motor vehicle's structure, one would expect that Type 11
accidents would occur quite frequentiy. However, The research findings
showed that this type of accident occurs far less often than accidents in
which motorists are exiting a driveway in a forward direction (Problem Type
8). Although the reason for this large difference is not known for certain,

it seems reasonable to assume that bicyclists perceive backing vehicles as
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potential threats and seldom make the erroneous assumption that they have
been detected by the driver of a backing vehicle. |1+ is also possible

that motorists recognize the hazardousness of this situation and exercise
more caution when backing from a driveway than when exiting a driveway in

a forward direction.

The age range of the bicyclists who were involved in Type 11 acci-

dents varied from five to 25 years of age}

Problem Type 12 (1.2% Fatal; .5% Non-Fatal)

As is illustrated in Figure 37, Problem Type 12 occurred when the
motorist passed through a stop sign without making any attempt to siop or

sfow. This type of accident occurred infrequently, but is likely fo result

¢
OIS

FATAL=1.2%
NON-FATAL=- 5%

Figure 37. Illustration of Problem Type 12, Motorist Driveout: Controlled
Intersection.
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in fatal injuries to the bicyclist when it does occur. No inferences can
be made about the nature of the accident-generation process for this type
of accident because of the small‘sample size. However, it is interesting
to note that three out of four motorists in the non-fatal sample failed fo
observe the stop sign; the remaining motorist in the non-fatal sample was
unable fto stop because of faulty brakes. All of the fatal cases involved

an intoxicated motorist.

COUNTERMEASURE APPROACHES FOR CLASS C PROBLEM TYPES
Special Note on Wrong-Way Riding

It was found that 52% of all Class C accidents involved a bicyclist
who was riding on the wrong side of the roadway (riding facing traffic);
this number does not include accidents in which the bicyclist was riding
on the sidewalk. Since Class C accidents also occur when the bicyclist is
riding on the correct side of the roadway, it is legitimate to ask whether
the accidents that involved a wrong-way riding bicyclist would have
occurred if the bicyclist had been riding with traffic rather than against
traffic. In short, the question is this: If countermeasures could be
developed to induce all bicyclists to ride on the correct side of the

roadway, what proportion of the Class C accidents would still occur?

A purely objective answer to this question would require accurate
data on the relative amount of time the general poputation of bicyclists
spend riding with and against traffic. Unfortunately, such data are not
presently available. So, an assessment of the potential value of counter-
measures to curtail wrong-way riding must be based upon opinion. Based
upon casual observation at a number of locations throughout the United
States, the authors and their colleagues who bicycle frequently believe
that most bicyclists ride on the correct side of the roadway most of the

Time.

Some indirect support for this view was obtained from the data com-
piled during this study. Ailthough the bicyclists who were interviewed were

not questioned systematically about the frequency with which they ride on
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the wrong side of the roadway, all bicyclists were asked if they knew that
riding facing traffic was unlawful; and, if so, why they chose to ride
facing traffic on the day of the accident. With only one exception, the
bicyclists reported that they knew riding facing traftfic was unlawful.
Convenience in reaching their destination was the most common reason for
riding facing traffic on the day of the accident. An examination of the
bicyclists' pre-crash course revealed the following typical pattern.

The bicyclist commenced his trip and rode most of the

way on the correct side of the roadway. As the bicyclist

neared his destination, he initiated a left-hand turn at the

jast intersection he encountered before reaching his desti-

nation. The bicyclist's destination was on the left-hand

side of the roadway and he turned at the intersection to

avoid having to make a left-hand turn mid-block where no

controls were present and where the roadway was sometimes

divided by a raised median or another fype of barrier.

After having crossed the roadway, the bicyclist turned

right and continued in the same direction that he was

fraveling prior to his turns. Some bicyclists rode on the

sidewalk and others rode in the roadway--facing traffic.

Typically, the bicyclist's destination was less than a

block from The point at which he commenced riding facing

traffic, and the accident occurred during the +ime the

bicyclist was traveling this short distance.

Based upon the composite information now available, the authors
estimate that the.amount of time bicyclists spend riding on the correct
side of the roadway may be 50 or 100 times greater than the amount of
time they spend riding facing traffic. |f this estimate is valid, counter-
measures that wouid curtail wrong-way riding would eliminate about one-
half of all Class C accidents. Readers who have a different view on the
relative exposure of wrong-way riding bicyclists can estimate the percent

reduction in Class C accidents with the following simple equation:

P = (1-p) (52%)
where P

P

Percent reduction in Class C accidents

Jotal time spent riding facing traffic divided
by total time spent riding with traffic
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Discussions with bicyclists and their parents have led the authors
to conclude that few persons understand why riding facing traffic is pro-
hibited by law. Many persons have assumed that the reason for this law
is To avoid head-on accidents between bicycles and motor vehicles. This
erroneous assumption has led some persons to argue that the injuries
resulting from a head-on accident would not be significantly greater than
those resulting from an overtaking accident and that riding facing
traffic provides the blcyclist with a better opportunity to detect and
evade motor vehicles that are traveling close to the edge of the roadway.
This rationale has caused many parents to advise their children fo ride
facing ftraffic, even with the full knowledge that it is unlawful. Thus,
there is a clear need to educate both bicyclists and the parents of
bicyclists about how and why accidents occur when a bicyclist chooses to
ride facing traffic. At the same time, the bicycliists and their parents
should be informed of how and why overtaking accidents occur and what can
be done to avoid them. Such training is recommended below, along with

other countermeasure approaches for Class C accidents.

Environmental Changes

Many of the motorists involved in Type 8 accidents were attempting
to turn left from a driveway onto a busy multi-lane roadway. The motorist's
information processing capacity was heévily loaded by the requirement fo
search the near lanes to the left, the far lanes to the right, and the
sidewalk in both directions. The motorist's information processing load
and attentional conflict in this situation could be reduced by providing
a sheltered median in the center of the roadway. A sheltered median would
enable a motorist to concentrate on only half of the fraffic lanes at any
one time. That is, the motorist would first search for ftraffic approaching
from the left; when an acceptable gap in traffic is observed, he would
proceed to the sheltered median and stop. Once he reached the sheltered
median, his entire attention could be devoted to searching for traffic

approaching from the right.
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The development of shelitered medians probably wouid not be cost-
effective if the entire benefit was a reduction in Type 8 bicycle accidents.
However, sheltered medians would almost certainly result in a reduction in
accidents involving pedestrians and other motor vehicles. Therefore, an
assessment of the cost-effectiveness of this countermeasure must be based

on ifs potential for reducing alt types of ftraffic accidents.

Bicycle Modifications

Many Class C accidents occurred because the motorist failed to
observe a bicyclist who was riding in an expected location and who was
clearly visible. In many instances, both the bicyclist and the motorist
reported that the bicyclist went undetected even fthough the motorist
searched in the bicyclist's direction. Even when the motorist failed to
look directly at the bicyclist, the motorist's scan pattern was such that

the bicyclist usually appeared in the motorist's peripheral field of view.

In addition, there were a substantial number of cases that occurred
during darkness and involved an inadequately lighted bicycle. In at
least one-half of the cases that occurred during darkness, the bicycle was
equipped with lights that met existing requirements; still, the bicyclist
went undetected by the motorist. When the motorist searched in the
bicyclist's direction but failed to detect him, the lighting equipment on
the bicycle must be judged inadequate, whether or not the lighting equip-

ment met existing specifications.

There is little quesfian that many Class C accidents would be
eliminated if a method could be devised fo increase the conspicuity of
bicycles during both daylight and darkness. Increasing the nighttime
conspicuity of bicycles is important, but not nearly so important as
increasing the conspicuity of bicycles during the daytime. Since there
are no clearly proven techniques for increasing bicycle conspicuity to
an acceptable level, it can only be recommended that research be initiated
to develop and evaluate techniques for accomplishing this important goal.
In addition, the findings of this study suggest the need to reexamine

the adequacy of existing standards for front-lighting equipment.
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Education and Training

Bicyclists. Nearly all bicyclists are aware that riding facing
traffic is unlawful, so there is no need to educate bicyclists about the
law. Some persons have suggested +Ha+ bicyclists should be taught the
techniques that are required to ride facing traffic in a safe manner.
However, it is unlikely that iT‘wouId be possible to fteach bicyclists
techniques that would be as safe as riding on the corrécT side of the
roadway. Furthermore, it is probable that such training would serve to
promote wrong-way riding and thereby increase the number of wrong-way
riding accidents, even though the training reduced accident rate for this
type of accident. For these reasons, it seems that the most effective .
alternative is to design a training program to curtail wrong-way riding.'
To be effective, the program must convince the bicyclists (and their
parents) that riding facing traffic is a hazardous thing to do and that
accident likelihood is increased greatly when a bicyclist chooses fo ride
on the wrong side of the roadway. At the same time, the bicyclists and
their parents must be informed that riding on the correct side of the
roadway will not lead to increased numbers of accidents if the bicyclist

exercises reasonable caution in selecting where and when he will ride.

'For'every problem type in Class C, it was found that a large propor-
tion of the bicyclists observed the motor vehicle early enough to have
easily avoided the accident. This finding was the same regardless of the
bicyclist's location and direction of travel. The relatively small number
of cases in which the bicyclist failed to search in the motorist's direc-
tion were due mainly to the bicyctist's fundamental assumption that all
intersecting fraffic would yield tfo him. One means of preventing such
accidents is to modify bicYcIis+s' views about the infallibility of
motorists. A safety-education program developed for bicyclists should
teach them the typical search patterns of motorists in this type of traffic
context, the limitations of the human visual system, and the types of
accidents that occur because a motorist fails fo observe a bicyclist that
may be clearly visible. This information must be presented in a manner

that will serve to modify bicyclists' assumptions that they have been or
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will be detected by motorists who are preparing to enter an uncontrolled

roadway from a driveway or from a confrolled leg of an intersection.

Many existing eduéa*ional materials instruct both bicyclists and
pedestrians to establish eye contact with a moTorisT‘before proceeding
across a stopped motor-vehicle's path. This education is probably counter-
productive; it suggests that the bicyclist or pedestrian can safely assume
that he has been detected by the motorist if he has established eye
contact. This is a clearly invalid assumpTion that led to a substantial

proportion of Class C accidents.

Many bicycling experts advocate riding in the center of the traffic
lane rather than along the right-hand edge of the roadway. They claim
that riding in the center of the traffic lane increases the chances of
being observed by motorists who are preparing to enter the roadway from
intersecting streets or driveways. Also, they argue that riding in the
center of the lane provides a greater buffer zone be+weén the bicycle's
path and the position at which motor vehicles stop before entering the
roadway. Thus, riding in the center of the traffic lane provides addi-
tional time for the bicyclist to initiate evasive action once it becomes
apparent that a motor vehicle is going to enter the roadway. The authors
believe That the following important questions must be answered before it
is possible to recommend that bicyclists be taught to ride in the center
of the fraffic lane.

® Would riding in the center of the traffic lane increase the
likelihood of detection by a margin that has practical significance?

u Would riding in the center of the traffic lane increase the
bicyclist's preview time by a margin that has practical significance?

® How would traffic efficiency be affected if riding in the center
of the traffic lane became a common practice?

® Should riding in the center of the traffic lane be prohibited on
some types of roadways and/or during certain time periods? If
so, what types of roadways and what time periods?

® Should young bicyclists and/or slow-moving bicycles be permitted
to ride in the center of the traffic lane? |If not, what is the
cutoff age/speed?

Tg\‘.*,
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® Would riding in the center of the traffic lane increase the inci-
dence of other types of bicycle/motor-vehicle accidents or the
incidence of accidents involving two motor vehicles?

Motorists. An education and training program for motorists has the
potential for reducing the incidence of most problem types within Class C.
The main objective of an education program would be to increase the effec-
tiveness with which motorists search when entering uncontrolled roadways
from driveways or from a controlled leg of an infersection. It is particu-
larly important to modify the typical search patferns of moforists such
Thaf they make a concerted effort to scan for wrong-way bicyclists and
for bicyclists riding on the sidewalk. When designing a training program
for motorists, care must be taken to avoid promoting wrong-way riding.

For instance, motorist-training materials developed for presentation on
pubiic television--and therefore observed by both motorists and bicyclists--
should always include a message that stresses the danger and illegality

of wrong-way riding.

Regulations and Enforcement

A portion of Problem Types 8 and 9 invoived a bicyclist who was
riding on the sidewalk prior to the col'lision. Furthermore, it was found
that sidewalk accidents occurred most frequentiy when the bicyclist was
riding in a direction opposite to that of motor-vehicie ftraffic in the
adjacent fraffic lane. These findings suggest that the incidence of Class
C accidents may be reduced by establishing regulations that would prohibit
sidewalk riding altogether or that would permit sidewalk riding only when
the bicyclist is riding in the same direction as traffic in the adjacent
+raffic lane. Before recommending such regulation, however, it would be
necessary to obtain clear evidence that the overall incidence of accidents
would not be increased by forcing all bicyclists to ride in the roadway.
For instance, it is altogether possible that prohibition of sidewalk
riding would result in an increased number of accidents involving very

small children.
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Riding facing traffic is presently unlawful fthroughout the entire
United States, so there is no need to establish regulations covering this
unsafe practice. Howevér, there is a serious need to increase the enforce-
ment of this law and to increase the penalty associated with its violation.
Riding facing traffic is one of a relatively small number of violations that
frequently result in biéycle/moTor—vehicle accidents. For fhis reason,
it seems reasonable To establish a selective enforcement program in which
law enforcement officers are required to always issue citations fo bicy-
clists who are observed riding facing traffic (along with a few other
critical violations). |f officers are to be induced fo issue citations to
bicyclists who ride facing traffic, they must be convinced of the dangers
associated with this violation. Therefore, the first step in implementing
an effective enforcement program would be to inform law enforcement
officers of the fypes of accidents that result from wropg-way riding, the
frequency with which such accidents occur, and fthe reasons for which they
occur. Although issuing citations to bicyclists is one of the most
distasteful aspects of most enforcement officers' jobs, it is believed that
officers woutd take the TrouBle to enforce the bicycle laws that are known
To be critical for safety.

CLASS D PROBLEM TYPES

Class D includes five problem types that occurred when (a) a vehicle
overtook and collided with a bicyclist ftraveling in the same direction, or
(b) the threat of an overtaking mofor vehicle caused the bicyclist to
collide with an object that obstructed the path he would have taken if the
obstruction had not been present. Class D does not include cases in which
the bicyclist turned or swerved info the path of an overtaking motor

vehicle.

Tabie 36 lists the problem types and subtypes for Class D and shows
the proportion of fatal and non-fatal cases that were classified into each
problem type and subtype. It can be seen in Table 36 that Class D accounted
for nearly 38% of all fatal cases and that nearly one-fourth of all fatal

accidents were classified into Problem Type 13. Since Class D accounted
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for only 10.5% of the non-fatal cases, it is clear that the likelihood of
suffering fatal injuries is far higher for Class D accidents than for any
other accident class. The high incidence of fatal injuries is mainly the
result of the high speed of the motor vehicle on impact. ‘About 45% of both
the fatal and non-fatal accidents in Class D occurred in a rural area. It
also was found that 56% of all rural accidents in the fatal sample and 31%

of the rural accidents in the non-fatal sample were classified into Class D.

PROBLEM-TYPE DESCRIPTIONS
Problem Type 13 (24.6% Fatal; 4.0% Non-Fatal)

Although seven other problem types occurred more frequent!y!® than
Problem Type 13, this problem type must be considered one of the most
important, because it accounted for nearly one-fourth of all fatal accidents
in the sampie--three times as many as any other problem type. Because of
the large number of fatal cases in Problem Type 13, Appendix D-3 contains
a Data Summary Sheet for both the fatal and non-fatal cases classified
into this problem type. An examination of the two Data Summary Sheets
will show that the data for the fatal and non-fatal cases are highly
similar in nearly every respect. 1in the following discussion of Problem
Type 13, the percentage values that are cited refer only to the non-fatal
sample. When the values cited for the non-fatal sample are not equally
representative for the fatal sample, the differences are described and

discussed in the text.

The distinguishing characteristic of Problem Type 13 is that the
operator of the overtaking motor vehicle failed to observe the bicyclist
until the vehicles were in such close proximity that successful evasive
action was impossible. Fifty percent of the non-fatal accidents and 59%
of the fatal accidents of this type occurred in a rural area. About three-
fifths of the rural accidents and about one-half of the urban accidents

occurred on a narrow, two-lane roadway with no ridable shoulder. Thus,

'®Weighted combination of fatal and non-fatal accidents.
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about 60% of the Type 13 accidents occurred on a narrow, "rural type"
roadway with two fraffic lanes and no ridable shoulder or sidewalk. This
type of context is depicted in the illustration of Problem Type 13 (see
Figure 38).

Problem Type 13 is the oniy problem type for which nighttime acci-
dents were more frequent than daytime accidents. [t was found that 63%
of the non-fatal accidents and 71% of the fatal accidents occurred during

darkness.

The exact position of the bicyclist and motorist at impact was diffi-
cult to determine with sufficient precision to know whether the bicyclist
was traveling too far to the left or the motorist was traveling too far to
the right. In about 20% of the cases, it was clearly established that
the motorist was ftraveling farther o the right than he should have been.
In the remaining cases, neither the motorist's position nor the bicyclist's
position was judged to be clearly abnormal; it is probable that both

operators were slightly out of position when the collision occurred.

The interviews revealed that bicyclists tend to ride farther from
the right-hand edge of the roadway during darkness than during the daytfime.
Because of the combined effects of darkness and inefficiency of the
bicycle headlight (if any), bicyclists are unable to detect and dodge
road-surface defects and debris fthat offen are present along the extreme
edge of the roadway. To avoid such hazards, bicyclists ride farther to

the left where the roadway is usually swept clean by the draft of motor-

FATAL-24.6%
NON-FATAL= 4.0%

Figure 38. Illustration of Problem Type 13, Motorist Overtaking: Bicyclist
Not Observed.
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vehicle fraffic. Because of this practice, it is probable that most of
the bicyclists involved in nighttime accidents on narrow roads were riding

farther to the left than is safe on such roadways.

Since Problem Type 13 included only the overtaking accidents in
which the motorist failed to observe the bicyclist until too late to avoid
the accident, The main question about this probiem type concerns the
reasons for the motorist's failure to observe the bicyclist. In nearly
every case, the motorist's failure to observé the bicyclist was the result
of one or more of the following factors: darkness, inadequate bicycle
lighting, alcohol use by the motorist, and operator distractions. Since
vehicle speeds are usually considerably faster on rural than urban road-
ways, the type location can also be considered a contributing factor for
this problem type. The reasons for the motorist's failure to search can
be most meaningfully described by subdividing Problem Type 13 into the
following subtypes:

m Rural nighttime (9% fatal; 1.3% non-fatal). For this subtype, the
motorist's failure to observe the bicyclist must be explained in
Terms of the relatively high speed of the motor vehicle, darkness,
inadequate bicycle lighting, and alcohol use by the motorist. It
is interesting to note that one-third of the fatal accidents of
this type involved a motorist who had been drinking; none of the
non-fatal accidents involved an intoxicated motorist.

® Rural daytime (5.4% fatal; .4% non-fatal). The motorist's failure
to observe the bicyclist must be explained in terms of high motor-
vehicle speeds, alcohol use by the motorist, and search failures
by the motorist due to momentary distractions. Again, it is of
interest to note that one-third of the fatal cases, but none of
The non-fatal cases involved an infoxicated motorist.

B Urban nighttime (8.4% fatal; 1.3% non-fatal). The factors con-
tributing to the motorist's failure to search in this situation are
essentially the same as for rural nighttime accidents, except that
high motor-vehicle speed is not a factor. Like rurai nighttime
accidents, urban nighttime accidents often involved alcohol use by
the motorist. An intoxicated motorist was involved in 43% of the
fatal cases and eight percent of the non-fatal cases.

® Urban daytime (1.8% fatal; 1.0% non-fatal). This subtype occurred
so infrequently that it is not possible to draw valid inferences
about the motorist's failure to search. However, it is almost
certain that the motorist's attention was temporarily distracted
from the roadway ahead shortly before the collision.
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The above findings can be summarized by saying that it is dangerous
to ride in rural areas at any time and it is dangerous to ride during
darkness at any location, but accident likelihood is greatly increased

when riding in a rural area during darkness.

It is interesting to note that about 60% of the bicyclists who were
involved in nighttime accidents had lawful taillights on their bicycles
when the accident occurred. This finding suggests that the standards that
have been established for bicycle rear reflectors are inadequate under
some circumstances. |In establishing standards for taillights, the question
is not how far away a motorist can observe the rear reflectors under
optimal conditions, but what is required to attract a motorist's attention
under non-optimal conditions. For instance, What type of taillight would
be required to attract the attention of a fatigued drunk driver who is
traveling at a relatively high speed on a rural roadway where he does not
expect to encounter a bicyclist? It is probable that this type of acci-
dent will continue To occur until a device is developed that will increase
the nighttime conspicuity of the bicycle to such an extent that the
previously described motorist will detect and identify the bicyclist most

of the time.

Few young bicyclists are involved in Type 13 accidents. For examplé,
it was found that the age of the 5th centile bicyclist in the fatal and
non-fatal samples was 12.9 and 11.2 years, respectively. Apparently,
bicyclists younger than 11 or 12 years of age are not permitted to ride
during darkness and in the types of areas where Type 13 accidents occur.
The median age was 18.3 years for the bicyclists in the non-fatal sample

and 20.5 years for bicyclists in the fatal sample.

Problem Type 14 (4.2% Fatal; .7% Non-Fatal)

Problem Type 14 includes overtaking accidents that occurred because
the motorist was unable to maintain control of his vehicle. The illustra-
tion of Problem Type 14, shown in Figure 39, is somewhat misleading in its
suggestion that the motor vehicle was in an uncontrolled sliide or spin

prior to the collision. Although the motor vehicle was totally out of
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FATAL=4.2%
NON-FATAL= .7%

Figure 39. Illustration of Problem Type 14, Motorist Overtaking: Motor
Vehicle Out of Control.

control in some cases, more often the motor vehicle veered too far to the
right due to the motorist's inability to maintain precise control of the

vehicle.

Alcohol use by the motorist was the main contributing factor in 71%
of the fatal cases and 40% of the non-fatal cases. |In these cases, it was
Jjudged that the motorist's capability was impaired to such an extent that
he was unable to steer The vehicle along his intended path. These acci-
dents would have occurred whether or not the bicyclist had been observed
by the motorist. In the remaining cases, loss of control was due to
vehicle failure, snow and ice on the roadway, or a prior collision with
another motor vehicle. I+ might be expected that accidents of this type
would occur most often on narrow roadways where the space is marginally
adequate for both motor vehicles and bicycles. However, it was found
that 86% of the fatal cases and 100% of the non-fatal cases occurred on
an urban street with more than two traffic lanes. Although the preponder-
ance of accidents on wide roadways may be an artifact due to the small
number of Type 14 accidents in the sample, it seems safe to conclude that
limited roadway width is not an important contributing factor for Problem
Type 14. Twenty-nine percent of the fatal accidents and 40% of the non-
fatal accidents occurred during darkness, but degraded visibility was not
Jjudged to be a contributing factor. The higher incidence of Type 14 acci-
dents during darkness is simply because the number of intoxicated motorists

on the roadway is greater at night than during the daytime.
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The number of cases classified into Problem Type 14 is too small to
define a bicyclist target group, but it seems reasonable to conclude that
involvement in this type of accident would be totally independent of the
age of the bicyclist. The small number of bicyclists involved in this

type of accident varied in age from six to 17 years.

Problem Type 15 (2.4% Fatal; 1.7% Non-Fatal)

Problem Type 15 includes overtaking accidents that resulted from
both operators misjudging the direction of the other operator's evasive
action. In the typical case, the motorist observed the bicyclist ahead,
riding close to the center of the ftraffic lane. As the motorist approached
the bicyclist from the rear, he honked his horn and swerved left to pass
the bicyclist. Upon hearing the horn (or the sound of the overtaki